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In publishiDg the Science Primers on Chemistry and 
Physics, the object of the Authors has been to state 
the fundamental principles of their respective sciences 
in a manner suited to pupils of an early age. They 
feel that the thing to be aimed at is, not so much 
to give information, as ‘ to endeavour to discipline 
the mind in a way which has not hitherto been 
customary, by bringing it into immediate contact 
with Nature herself. For this purpose a series of 
simple experiments has been devised, leading up 
to the chief truths of each science. These experi- 
ments must be performed by the teacher in regular 
order before the class. The power of observation in 
the pupils will thus be awakened and strengthened ; 
and the amount and accuracy of the knowledge 
gained must be tested and increased by a thorough 
system of questioning. 

The study of Ihe Introductory Primer will, in most 
cases, naturally precede that of the above-named 
subjects ; and then it will probably be found best 
to take Chemistry as the second and Physics as the 
third stage. 

Boxes containing the whole of the chemical appa- 
ratus and specimens needed for t-he experiments 
are supplied by the Publishers ; by Messrs. Philip 
Harris and Co., Ltd., Birmingham; Messrs. John 
J. Griffin and Sons, 22 Garrick Street, London ; or by 
Messrs. Jas. Woolley, Sons, and Co., Market Street, 
Manchester ; for £b 10s. 
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SCIENCE PEIMEKS. 

CHEMISTRY. 

f, 

FIRE— AlR'-:=Wa.TBB— BARTH. 

1. Here are four things which we all know 
well ; let us try to learn what Science teaches 
us about them. 

Tlio study of tlicso iiuitters coiistitutos a part 
of the study of natui-e ; it is iu nature, or in the 
visible world aroun<l us, that these things occur, 
it is there thut we learn what tliey are, it is 
there that we can handle and exaiuine tlioin. This 
handling and (examination of tlie objects of nature 
is called Experiment ; and it is (*ither by observa- 
tion or by expei’iment that wo learn all we know 
about what goes on around us. To iind out and 
explain what goes on when the Fire lairns, to tell 
how the Air makes the fire burn or helps the plant 
to grow, to find out what "Water is made of, and to 
learn the many dill'erent substances which can be 
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dug out of tlie Earth ; all this belongs to the 
Science of Chemistry. Ijet ns try to get hold 
of a few ideas about these interesting subjects ; and 
first let us r(‘iiieiiil)er that in tlie Introductory Primer 
we ha.ve beiui taught tlie meaning of tlie words solid, 
liquid, and gas. Tlie earth on wliich we stand is a 
solid, the water which runs about on the earth’s 
surface is a. liquiil, and the air which surrounds the 
earth is a gas. You have learnt some of the common 
prop€U'ties of earth, water, and air ; you have now to 
learn sometliing new ahdiit •‘these things^ what they 
are made up of liow^theif several# parts can lie 
olitaiiied. IJefore we begm to study the chemistry of 
air, water, and earth, Ji^t us start with Fire, about 
which you have not learnt much. 


FIRE. § I. 

2 . What happens when a candle or a taper 
burns ? 

Tlie wnx as well as the wick of tlie taper 
griidimlly disappears as the tapea* burns, and at last 
all is gone — wick, wax, and all. What has become 
of the wax ? It has disappeared. Is it lost ? So far 
as our eyes are concerned certainly it is lost, but so 
is the ship wliich sails away on the sea, and yet we 
know tJiat the sliip still exists though we do not see 
it; and so the lump of sugar apjiears to be lost wlien 
we put it into a cup of hot tea, and yet we know tliat 
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the sugar is not really lost, because the tea is made 
sweet. Now we must look for the wax of our taper 
in another way ; we must put a (juestioii to Nature 
for her to answer, and we shall always tiiid that oui* 
question, if properly asked, is always clearly and 
certainly answered. We must make an Experiment, 
and if this is properly made we shall never fail in the 
end to get the information we want. 

Experiment 1. — Let us burn our taper in a dean 
glass bottle with a narrow neck ; after it has burnt 
for a few minutes we notice that 
the flame grows less and loss, and 
in a short time the taper goes out. 

This is the first thing we have to 
observe. We next Jiave to discover 
why th(^ taper goes out. For this 
purpose let us whether the air 
in the bottle is now the same as it 
was before the candle was burnt. 

How can we tell this ? J^et us 
pour some clear lime-water ^ first r, r i 
into a bottle filled with air in 
which no candle has biirnl, and then into tlu^ one 
in which our taper burnt. Vou see tlie tlifi'ei*(*nc*e at 
once ! In the first bottle the lime-water remains 
clear, in the second it becomes at once milky. 
Hence we see that the air has been changed in some 
way by the burning of the taper. This milkiness 

^ Made Iw letting a ]m*co of fivsh linn? stand in w;«lrr, .'ind 
shaking it up, and then letting the water grt elear again. 
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is nothing else than cEi^k, an& olialk is made up 
of lime .111(1 carbonic acid. (Whoiiic acid is, like 
comiiKai air, a, t-olourless invisible gas which we 
eamiol see, but wliich wx* find turns tlie lime-w\atcr 
milky, and juits out a burning tajuu*. Pjirt of tlie 
w'ax has been changed by burning into this carbonic 
acid gas ; that is, tlie carbon or charcoal of the 
burnt wax is to be found again in this invisible gas. 
Some of this carbon you may notic^e going away 
unburnt Jis smoke or soot ; and if you (juickly press a 
slieet of white paper on to the flame so as not to 
burn tlie paper, you will see that it becomes stained 
with a black ring of soot or carbon. 

3. Besides carbonic acid gas there is 
another substance formed when the candle 
bums, viz. Water. 

You may peihaps think it strange that water 
is formed in the liot flame. Still a simple experi- 
ment will show' you that this is really the ca.se. 
If water comes off from the flame, it wdll be in 
the state of hot steam, which you cannot .see, for 
'what Me comm^ly call steam coming out of the 
boiling kettle is not steam, but fine drops of w ater ; 
:md if you had a glass kettle, and could look inside it, 
you would see nothing above th<^ boiling whaler, be- 
cause steam is an invisible gas lik(* carbonic acid and 
common air. Now as the steam from the kettle 
becomes small drops of water wlieii it cools, so the hot 
air coming from the burning taper, if it contains 
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steam, must deposit the steam in the form of drops of 
water when it is cooled. 

Experiment 11. -All wo need to do to see whether 
steam is given olT from a burning candle, is to hold 
a cold, dry, bright glass, such as a tumbler, over the 
flame of our taper. Y ou see that tlie bright glass is 
at once dimmed, and if you look cai*efully you will 
notice the little drops of water which Ijcdewtlu? inside 
of tlie glass. If we went on for 
some time, and if we so arranged 
the experiment .as to kcej) the glass 
always <*ool, we could get a wine- 
glass full of water by burning a 
candle, find the water thus got is 
like fill other pure .and good W'ater, 
excejit that it nuiy perhaps taste 
a little of soot. 

Let us now look back as to what Fig. 2 . 

we hfive learnt about our candle 
bui’ning ; for it is most important always to get clear 
ideas, first, fis to what we want to prove by our 
experiments, and secondly, as to wdiat we have to 
learn from them. 

We want to know what happens when a candle 
burns. We have learnt — 

1 . Thfit the candle soon goes out if it be burnt in 
a bottle of air. 

2. That a colourless invisible gas called carbonic 
acid is formed in the bottle after the candle has 
burnt. 
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3. That the carbonic acid gas comes from the 
carbon or soot contained in the wax. 

4. That water is also foi'ined when the candle 
burns. 

We therefoie have learnt that the wax of the 
candle has not been destroyed or lost, but that 
it has changed its form and has been converted 
into carbonic acid and watei*. This sort of an entire 
change is called a chemical change. No one could 
have foretold that the wax would have changed into 
two totally diff'erent substances ; it is only by making 
these careful trials that we learn what happens in 
such cases as these : hence Chemistry is called an 
Experimental Science. 

FIRE. § II. 

4. When a candle burns nothing is lost. 

Our experiment with the taper gives us at once an 
answer to tlie question, Where does all the coal go 
to in a common fire? It goes up the chimney as 
carbonic acid gas. We heap on coals all day long, 
and take away next momiiig only a shovelful of 
ashes — the coal has burnt away. But this is not 
a suRicient answer. We have got next to find out 
what happens to the carbon of the wax or of the 
coal when it burns away and flies up the chimney as 
carbonic acid gas. 

• Expkrimknt 3. — For this purj^ose we must make 
another experiment. Here we have a glass tube 
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(a common lamp-glass made with a narrow part, in the 
middlo will do very well) with a cork at the bottom, 
through which souhj holes are boi'od ; into one of 
these lioles I stkrk a piece of our taper. In the 
upper p.'iit of the tube I have jdaced some pieces 
of a wliito substance calh?d caustic soda, of such a 
size tliat they do not full through the narrowed part 
of the glass. Now I hang the tube, with the taper 



Fig. 3. 


and caustic soda, on to one end of a pair of common 
fipothecaries’ scales, and put weights at the end until 
the lube is f|uito balanced. Having balanced the 
tube, I may remove it from the end of the beam of the 
scale, and hang it up onto the ring of the iron stand 
as shown in the figure. The air passes through the 
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boles in the cork into the tube, and so the candle can 
burn. I next light the taper and quickly replace 
it and the cork, and allow it to burn in the draught 
of air. After the taper has burnt for a few minutes 
I blow the candle out, and again hnng the tube onto 
the end of the scales. Now, if you look at the scales 
you will find that they are no longer balanced, but, 
strange as it may seem, the tube in which the taper 
has been burnt is really heavier than it was before 
the candle was lighted, although some of the candle 
has disappeared. This is then what our experiment 
teaches us. We must try to understand how the 
candle, after it is burnt, weighs more than before it 
was burnt. In the first places then, I ])ut the 
lumps of caustic soda in the tube above the taper, 
in order that the two invisible gases - carbonic 
acid and steam- -which we now know are always 
given off w hen the taper burns, shall not escape from 
the tube, but shall be held fast by this caustic soda 
(just as fish may be cfiuglit in a net). Having then 
caught these gases, we discover that tliey are heavier 
than that part of the original candle wdiich has been 
burnt. IIow' can this be explained 1 Why, only by 
supposing that something having weight lias been 
joined to or has united with the substance of the 
taper to produce the two gases in ejuestion. This 
supposition turns out to lie correct, arid this some- 
thing is another colourless gas which partly makes 
up common air, and is called oxygen gas. Now we 
can more clearly understand what goes on when the 
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taper burns. Whilst the act of burning is going on, 
the substance of the wax (or coal) is uniting" chemi- 
cally with the oxygen of tluj air. The carbonic; 
acid and steam formc^d are the results of that 
chemical union. These gases \v(;igh more than 
the wrax (or coal) which is burnt, because they con- 
taiu something else besides, viz. oxygen, taken uj) 
from the air. If we had weighed i.he air, we should 
have found that the .air had lost exactly as much 
w^eight as the burnt wax (or coal) had gained, viz. 
the weight of the oxygen. 

5. What we have learnt. 

Now w’e have learnt tw^o most, important things 
alKUit the burning of a. candle, (1) that nothing really 
disappears or is really lost ; (2) that the parts of 
the candle are uniting ch(;inically w ith the oxygen of 
the ail*. 

By making these three? simple ex |»eri merits, and by 
trying t.o find out what they teach us, we have leai*nt 
more about Fire than all the anedemts knew, so th.'it 
you now^ understand the use of experiimmts ; and 
when you come to read t he Physics Ih-iiner ( Articles 
48 and 75), you will learn still more about the 
Nature of Heat. 

Let us, however, go ou ;i step fiu’ther, an<l let me 
tell you that in all the experiments w'hich are given 
in this book, or which you w ill ever make for your- 
selves, you will always find the same truth come out 
— that no substan ce is ever lost. W© 
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' cannot Really destroy, neither can we really 
create any substance. Anotht'r fart wliicli you 
have learnt from the liiirnini' caiidh^ is also true in 
other eases, viz. tli.at wlierever ehemical union is 
goiii" on iliere Heat is sure io lie felt., find when 
that union goes on quickly we see Flame or Fire. 

0. Heat felt when chemical union goes on. 

Let us make two experiment.s aliout this. 

Kxpeiument 4. — Take a lunq) of quicklime, put 
it on a tin plati‘, and ])our over it some cold water; 



you will soon sei* that tlio wat(‘r and the lime both 
begin to get hot, and th(i water hisses on the hot lime 
till at last it lioils, and clouds of steam are given off. 
The lime rianains on the plate as a tine diy Avhite 
powder, ca.l](*d slaked-lime. Wo ]iav(^ only done 
wliat the hricklayers do every <lay to make their 
mortar ; wo have slaked the lime. Why should all 
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this heat and steam arisen It arises because the 
water and the (juicklime liavc combined together 
chemically, and tlie result is slaked-linie. 

Experiment 5 . — Put some yellow powdery flour 
of sulphur on the Imttoin of a small ^dass flask, and 
above this put into the flask some bright copper 
turnings. K(‘Nt ]»lace the flask on an iron stand, 
and h(‘at it over the* fla-ua* of a gas lamp for the pur- 
pose of boiling the sulj)hur. We will ])la(!e the lamp 



on a common ]»late, to catch the sulphur if the flask 
should cliance to crack. Now look Avhat happens. 
First the yellow sulphur melts ; it gets darken* and 
darker in colour, .and at last it boils. Now the 
boiling sul})hiir touches the copper turnings, and we 
may remove tlu^ lamj), when avc see that the turnings 
first become red-hot and glow- Avith a splendid lurid red 
light, and then melt and drop down to the bottom of 
the flask. When the Ihisk is cold Ave bri*ak it open, 
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and find that it eontain.s neither briglit copper nor 
yellow sul])hur, but i.ba.t a bl.‘i.<*k substance is found 
at the boltoui. \Vb:it is this 'I It is a chemical 
c ompound ol‘ the two dilTereid. thiug.s, copper and 
sulphur ; thi^ coppiT lias united cheiuically with the 
sul]»bur, and whilst tbey were joining, heat was given 
off, oi* the cop[»ei- took fire and burnt. 

7. What we have learnt. 

Now 1 tbink you have learnt that where there is 
Fire Ihere (5li(*mi(ta.l union is going on, whether it is 
a taper burning, or a hayrick on fire, or a house on 
lire. Ill all tlu‘se we have the same thing going 
on, viz. (diemical union of the parts of the burning 
body with the oxygen of the air. And so from 
Fire w e get to Air. ^ 


AIR. § III. 

8. About the Air. 

Ifow do you know that there is anything be- 
tweiui you and me in this room ] What makes 
you say that there is Air out of doors ? If you 
move your hand and arm cpiickly round and round, 
you will feid a drauglit of air through your fingers ; 
if you fan yourself, you feel the air passing over 
your face. Out of doors you notice the Wind blow, 
you si‘e tlie trees or the clouds moved by the 
breeze, and this breeze is only the air in motion. 



CHKMISTHY. 


21 


AIIJ.] 

What makes the sails of a windmill go round and 
j oiind ? Tile wind, you say. Well then, this wind 
wliicli blows s()inetim(\s soiiard as to ii[)root trees and 
wreck shi})s is only air moving, lint if the air is 
still and (jniet-, Jiow can we tell tliat it is prestmt? 
Certainly not liy seeing it, In^caiise aii‘ is invisible, 
bnt by making an exjieriment we at once learn 
something new about it. 

9. Wliat the Air contains. 

Expeuimemt (). Here 1 liave a bell-jar open at 
the bottom and furnished with a neck, and a 



cork at the toj) (an old bottle Avith the bottom 
eracked olf Avill do Aery Avell). 1 will put the bell- 
jar into this basin of water, but first we must float 
on the water a little cdiina dish Avitli a small bit 
of dry phosphorus as big as a pea on it, and light 
the phosphorus with a match. Phosphorus is a 
very dangerous substance, and inucdi caie must bo 
taken of it, as it is very apt to take fire by itself, 
and may burn your fingers badly. Now you see the 
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bright flame of the phosphorus burning inside our 
bell-jar. After a while it goes out, although it is not 
all burnt, and we will let the bell- jar stand until it 
is cool. You notice that the white smoke or fumes 
whicli were made by the burning phosjjliorus have 
now disappeared, and we have a quantity of air 
left. But you will see, as soon as the jar has 
cooled, that there is not so much air h‘ft as thei’O 
was when we began; the jar was full of air to 
start with, now there is a good deal of water in 
the lower part of the jar. Let us next ask our- 
selves, Is the air which remains the same kind of 
air which we took? We take out tho cork of tlie 
bell jar and plunge our burning taper into the gas ; 
why, at once it goes out. We light it again with a 
match, and repeat tlie ex2>erim(‘nt ; again it got*s out 
wh(*n we Jowcu* it into the btdl-jar. There can he no 
douht about this. Something is left after the ]»hos- 
phorus is burnt, 'which is different from what W'as in 
the b(dl-jar at lirst. So that you see there aio really 
two dilTerent kinds of air in this room : one kind of 
air (called oxygen gas) unites with the ])hosphorus 
forming those white fumes, and this disaj)])ears and 
water comes into tho bell- jar to take its jdace ; the 
other kind of air (called nitrogen gas), which is 
left behind, jmts out the burning tapeji-, and is there- 
fore quite a dilVerent thing from oxygen. Thus we 
have learn^. not only that there is something, which 
we call air, in this room and in this bt^ll- jar, but that 
there are two sejiarate things (both invisible gases) 
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cjiIUmI oxygini iind nitrogen. Wliat a great deal so 
simple an experiment may teach ns ! Science is 
always simple and plain wlien w(j go carefully forward, 
and when we make sure to understand each step 
vve take. 


AIR. § IV. 

10. What goes on when we breathe the air ? 

We now know iljat whenev(‘r a candle or other 
thing hums in the air a chemical union is going on 
between the substances composing tlio candle or the 
otlier thing, and the oxygen of the air. The binmirig 
wax (iaiidh; is producing carbonic acid and water, 
because the carl)ou and hydrogen contained in the 
wax are uniting witli oxyg(?ii ; W'e i ^ 
candle lalore it will burn, or we iuiisl“.S7n’ll7iis 5^ 

The candle flame is hot because this oxidation is 
going on : when, j^ou l>low the candle, t he ilaii ie is 
cooled ami j’^oes ^^t'^^tTie" wax** no ' 1 ongeT comFnmng 
wi til the o xy gen . 

The oxygen of tlie air is as necessary for the life of 
imai and animals a.s it is for the biiming of candles. 
You know that we must have fresli air to brt^atlie : if 
we do not g(?t enough fresh air we shall lie suffocated 
and die. There ai-e many dreadful stories told of 
people l)eing suffocatful on lioard ships in storms when 
the hatchways had been nailed down to prevent the 
waves from sinking the ship, or in coal mines, or in 
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wells where foul air had collected. Now let us ask 
the question, What is going on wdien we breathe ? 
Do men and animals produce any chemical (jhanges 
ill the air whitdi they breathe like the burning candle 
or phospJionis? Here a. simple experiment will soon 
plainly answer this (juestioii. 

Experiment 7. Pour some cleiir lime-water into 
a glass, and then bl(»w t he air from your lungs through 



the liquid by means of a straw or a ])ii‘(*t< of glass 
tubing. You will soon notice that the lime-water 
has become milky ; exact ly tlie same elfect has been 
produced as was noticed when you burnt a taper in a 
bottle (hjxperimont 1 ) ; the milkiness show^s that chalk 
has been formed, and the chalk shows that carbonic 
acid gas has come out of your lungs. Tor this car- 
bonic acid gas did not go into your lungs with the 
air, because if you shake up lime-Avatei* with common 
air it does not get milky. IJtmce we learn that the 
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air you breathe out diifers from the air wliich you 
breathe in by containing large quantities of carbonic 
acid gas. Where <loos this gas coim* from? It is the 
same gas wliich is always foriiietl when a candle bui’iis. 
Can our bodies be really burning like candles ] You 
will say at first, No, certainly not, for wc do not 
feel hot like a (;andle llaiue. i>ut then you will 
think, Why ! I am really hotter than the talde or 
walls or anything wliudi is not alive. So is the dog, 
and tlie cat; so are a great number of animals. Ihit 
when these animals ttease to live, or when they <^ease 
to breathe, then they become cold like the walls or the 
table. The breathing of animals is therefore an 
act of oxidation. The air passes through the nose 
and mouth down tla*. thr<»a.t into a line network of 
vc?ry small tubes called the lungs. At one side of 
these tliiii tubes is the air, at the other side is the 
blood, and the oxygen of the air j Kisses through the 
tliin sides of these air-passagiNs into the blood, and 
there it combines with the dead earbon contained in 
the body. You may easily convince yourself that 
animal bodies contain carbon, by noticing that a 
piece of meat becomes charred, or converted into 
charcoal or ca-r})on, wJicn it is ])artl y ))urnt by placing 
it before a hot lire. Now this earbon of the body 
forms carbonic acid when it unites with oxygen, just 
as the earlxm of a piece <if wood d(»es. And the 
heat wliich is given olT in eaidi case is exactly 
the same. If we Avere to get a bottle full of pure 
carbonic^ acid gas from a burning ta|>er, and the same 
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sized bottle full of pure carbonic acid gas from our 
lungs, the heat which is produced in our body by the 
combustion of our animal carbon, in order to get this 
much carbonic acid gas, is equal in amount to that 
giv(ui oiT by the burning of the candle to get the same 
([uantity of ihe same gas. We do not see any flame in 
tJie finimal because the heat of combustion is spread 
all over tlie body; if the oxidation took place in 
as small a space as the wick of a candle, then Ave 
might expect to see a flame, but as it is, the blood 
running througliout the body simply keeps the whole 
wai'in. 

Thus l)y another experiment we have learnt, (1) 
that animals take in the oxygen of the air into 
iheir lungs ; (tl) that tliere the oxygen goes into 
the blood ; and (3) f,hat there tlie oxygen is used 
to burn up the Avaste carbon of the body forming 
carbonic acid, and thtu’eby giving rise to animal 
heat. 


. AIR. § Y. 

11. Let us next ask what sort of action do 
Plants exert on the air ? 

Again Ave must have i*ecourse to experiment, hut 
this time one Avliich will last some days. 

ExrKitiMEXT 8.-- If you sow some mustard or cress 
seeds on a piece of common flannel k(*pt moist by a 
little water contained in a phite, the seeds Avill soon 
begin to sprout, and if you keep them in the light 
they will continue to grow, luitil after some days you 
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may have a fair crop of nmstaid and cress })laiits. 
Whence did the growing plants get the inaterials 
accessary to form tlioir stalks and their leaves? not 
from the flannel, for that remains nnchfingod ; not 
wholly from the seeds, for f-lie plants weigh much 
more than the seeds; not from the water alone, be- 
cause the plants are building up stalks and leaves 
containing carbon, and this substance is noi> piesent 
in water. Where does the plant get the carbon it 
needs? From tlie air, we answer. Our previous ex- 
periment showed us that animals are continually 
giving out carbonic acid gas in their bi*eatli, and 
we are therefore sure that this gas must })0 present 
in the air, althougli perhaps in small rpiantity. Let 
us see whether we can find out that t here is a, little 
carbonic acid in Common air. / 

FxrEKTMEN'r 9.— Pour a little (*lear lime-water into 
a shallow saucer oi‘ clean plate, and allow it to stand 
for a few minutes either in a room or in tlie open 
air, then move it about and pour it int(^ a glasr. 
You will notice that a thin white film has been 
formed on the top of the lime water. This film is 
clialk or carbonate of lime, derived from the union 
of the carlxMiic «acid contained in tlie air with the 
lime. It takes some time to form, and then only 
is seen in small flakes or films, because there is only 
a v(>ry little carbonic ju*id gas in the air. But this 
small quantity of carbonic acid serves as the 
main food of all the plants which grow on the 
earth. 
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12. Growth of plants. 

If the plant uses carbonic! aciid as its food, and 
producres tht‘i*<‘from Avcwd, and fruit, and leaves, all 
of ^vhi(•ll need carbon to form thc^in, what becomes 
of the oxygon wliicli we know is united with cjarbon 
to form (!arlK)ni(! a<Md ? W(! must as usual go to 

nature for an answer and make an experiment. 

ExpJiiRiMKN'r 10. - '.r.-ike a bunch of fresli green 
leaves — watei- cresses answer well — and phure them 



in a lai’ge liottle, them till the l)ottle cpiitc full of 
fresh spring w.iter, so tliat no l)ul)l)Je of air is left 
in the })ottle. Turn the nionlJj of tJie bottle, full of 
Avater and Jeav"<*s, downwards into a l)asin full of 
Avater, .and place tlie l»ottle and tiie l)asiii in the 
strong sunlight foi- an honi* or iAvo. If you then 
carefully (^xaniino the leaves, you will see tliat th(‘y 
are c'OA^ered Avitli small luihhles, iind tliat more of 
these bubbles have collected at the top of tlie bottle. 
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Those bubbles consist of pur(^ oxygen gas^ derived 
from the carbonic acid contained dissolved in the 
spring water.- Plants have the power in pre- 
sence of sunlight of decomposing the carbonic 
acid of the air, taking the carbon to build up 
their stems, leaves, &c., setting free the oxygen 
as a gas. 

Experiment 11. You probably know that green 
plants will not grow in the dai-k, and you may umhu*- 
stand why this is so, if you repeat tlie hast experi- 
ment -j but instead of placing ttio bottle of spring 
water containing the leaves in iiie light, put it in a 
dark cellar. You will then not notice tlie formation 
of any liubbles of oxygen gas, oven after standing 
for many Jjours, and you will leain that sunlight 
is necessary in order that green plants may decom 
pose carbonic acid, and therefort? necessary for their 
growth. 

lo. Action of animals and plants on the 
air. 

Let us now reflect for a moment on the difl’erent 
changes wliich animals and ]>lants produce in the 
ail-. We have learnt that both tluise sets of living 
beings are constantly causing important chemical 

^ This in:iy Ihj shown if the gnsispifst-iit in sufrickiit (luaiitity 
hy tninsfc.iTing tli(< giis tu) ii luirrow tf.st-tulu*, ami fxliihiliug tin.* 
ro-ignition of a ivd-hot splinti-r of wood. 

P>y adding liinc-wator to tlio spring-watiT a niilkinoss of 
cdiallv will be produced, showing the existema; of carbonic acid 
in the latter. 
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alterations in the air, so tliat chemistry has not only 
to do with the chang€is which occur in dead or in- 
animate mattoi\ but also is nearly concerned in tlie 
very life of every animal and vegetable existing on 
the globe. Tsow we have learnt. tha,t - - 

Animals inhah^ (breathe in) oxygen, and exhale 
(bleat he out) carlionic acid — give off heat — are con- 
stantly burning. 

Plants inhale earbonic .acid gas, and exbale oxy- 
gen, — take u|» the sun’s light and beat, without 
wliich they (‘annot grow, — are constantly forming 
material which will burn. 

Here you see that the j>art pla yed by the animal is 
exactly the opposite of that played by the plant : the 
animal renders the air impure by consta,ntIy breath- 
ing out carbonic acid ; tlie plant constantly tends to 
purify the air again liy taking u]> the carbonic acid, 
and breathing out (by means of its Iea v(‘.s) oxyg(ui 
gas. This balance between animal and V(g(‘ta.ble 
life is well illustrated by the Vivaria, now so com- 
mon, in which small water-.animals and w:i.t(‘r-planls 
grow in a globe shut off from the air; the carbon 
contained in the carlionie acid evolved by the animals 
is set free by tho plants, .and is just sufficient for 
their growtli, whilst the oxyg(>n at tho same time 
liberated serves for the respiration of tho animals. 
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WATER. § Yl. 

14. What is Water made up of? 

You liave learnt in the Introductory Pi-imer (Article 
43) that if J put a jn’ece of ice into a glass and heat it 
over a lamp, the solid ice changes into liquid water, 
and, if I continue to heat the water, it begins after 
some time to boil and forms gaseous steam. This 
steajn is an invisible gas, quite diiferent in its pro- 
perties from the liquid water which is got by cooling it. 
L(*t us see if we can get anything else from water 
than steam, l)y treating it in different ways. 

E.vimojiiment 12. — Instead of sending heat into the 
water, by which 1 oidy get it to boil, 1 will send a 
stream of electricity througli the watcM- ((o which 1 
will jidd a few drops of acid to allow tin* electricity 
to pass moie easily). I use four cells of a (hx)ve*s 
battei'v (a description of which is found in Aiticle 87 
in the Physics Primer), and the electricity will pass 
into the acidulated water by the two platinum wires 
|)assing through the cork at tlu; bottom of the gla.ss 
funnel, when I join these with the copper wires from 
the battery. 

Wliat do we notice the instant we join the wires ? 
The water near the wires seems to boil, or effervesce, 
owing to small bubbles of gas being given off. These 
bubbles cannot be steam, because steam, if formed 
near the wiri‘, would at. once be (condensed by the 
water near it , and these bubbles rise up t hrough the 
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cold water. Let us try to collect these gases ; and 
we will see whether the bubbles from the one wire 
;tr(^ the same as those from the other. For this pur- 
pose we will put a small test-tube filled with water 
over (^aeh wire, so that the bubbles as they rise 
round tlu‘ win^ must be all caught by thc^ tubes, 
which are botJi of t he s.ame size. What do we notice 
as the gases collect ? Why, tliat in one tube we are 



getting just twice as much gas as in the other. Now 
one of the tubes is rjuite full of a colourless invisible 
ga-s, whilst the other is just lialf full. Next let us 
see what sort of gas we have got. 1 take the tube 
which is half full of gas and lift it out of the water 
by placing my thumb on the mouth, and then, turn- 
ing it up, 1 bring a red-liot bit of wood into the gas ; 
the i-ed-hot splinter at once bursts into flame ! What 
must we conclude ? That tlie gas is oxygen, for we 
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have learnt to recognise this substance by its re- 
lighting a red-hot taper. 

Now we will try the same experiment with the 
other tube, but we will hold its mouth downwards, 
for a reason wliuih we shall soon understand. The 
red-hot spju’k does not re-kindle ; but if we now 
bring the llame of a taper to the mouth of tins tube, 
the gas itself can be lighted and is setMi to burn witli 
a. pale blue ilauie. Here we have to do with some- 
thing (luite dilTerent from oxygen ; this gas is t*alJed 
hydrogen. 

If we repeat this experiment with the wal(;r, we 
sliall always get the same result, and by no other 
treatimmt that wo know of can we gt^t anything else 
but oxygcm and hydrogen from water. Hence we 
conclude 

(1 ) That by means of Electricity we can split 
up or decompose water into two perfectly differ- 
ent substances, oxygen and hydrogen gases ; and 
into nothing else. 

(2) That water, when thus decomposed, yields 
twice as large a volume of hydrogen as it does 
of oxygen. 

1.5. We can get hydrogen from water in 
several other ways. 

Experiment 13. — If I throw a small pellet cf 
the metal potassium,' as large as half a pea, czi 

^ This siibslaiiL'C must lu? kejit in rock oil, ami not 
to air or moisture. It may be eiit witii a iteukiiife. 
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to the sui’facci of water contained in a basin, we 
see tluit ilie metal, being lighter than water, swims 
on tli(i surface, but also that tlie moimmt it touches 
the wattT a ilame arises round the metiil. This 
llame is caused by the hydrogen of the water, 
whii h is s(‘t rre(‘ and takes fire and burns. Now 
if this ilame. is du<‘ io burning Jiydrogeii, what be- 
comes of the (»\ygt‘n of the waters The oxygon 



unites chemically with the metal i)otassium to form 
tlu' alkali potash ; this we ean see by adding a, little 
red litmus solution to the vater on wliicli the 
potassium has been t lirown, wlam we noticie that the 
red colour is (tianged to Iduo, owing to the ])resence 
of tlie alkali ^ potash. If 1 tlirow a small bit of the 
ujctal sodium onto water, this will also swim on 
the surface and set free th(^ liydrogen and form with 
oxygen the alkali soda ; but the lieat is not sutKciont 
to light the hydrogen. 

1 C). How hydrogen can be collected. 
hlxcKitiAiE.VT 14. — JJy making tho last exj)eriment 
in rather a dilTerent way, we can collect the hydrogen 
^ F(H‘ thi; of iliis word sn: pa^ii 81. 
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which wo sjtw burn on tlio surface of the wat(^^. J^’or 
this purpose we will mix a few small pieces of sodium 
with a little djy mercuiy or quicksilver, tlie w<‘ll- 
knowii bright sliining liquid uu^tal. If we press the 
bit of sodium with a pestle under the surface of the 
mercuiy contained in a mortar, tlio two metals will 
unite, and we get a mixture of the metals, or an 
amalgam, as it is called. Now pour this liquid amal- 
gam into a biisin of water, having inverted a bell- 
glass or lai’ge test-tube lilh^d with Avater over the 
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centre of the basin. The sodium will gradually 
decompose the water, fonning soda, and the hydrog<m 
of the water will be lilierated and will colle(rt in the 
inverted glass. After a certain anumnt of the gas 
has been foiaiied, tlie pi*(>sence of hy<lrogen may be 
shown by bringing a light to it and seeing that it 
burns with a pale llame. 



SCIENCE riUMEUS. 


[§ VII 


oG 


WATER. § VII. 

1 7. Hydrogen got in other ways. 

]\laiiy other inetjils liave the power of decomposing 
water, taking tlie oxygen to form rni oxide of the 
metal a.nti slotting free tlie liydrogtai. Home metals, like 
potassium aiul sodium, are aide io do this (as we have 
seen) in ihe cold ; oilier metals, smdi as iron, must be 
h(‘ated i‘etl-ln)t liefoi-ii they can s])lit up water into its 
two conslituent partvS, uniting with tlu? oxygen to form 
oxide of iron or iron-rust and st l ting the hydrogtai 
gas fi’t^e. Some metals, as zinc and iron, although 
th(‘y do not split pure water up into oxygen and 
hydjogen in the c(dd, are able to do so if some acid^ 
is presimt. 

Kxi'KIUMENT L”). - If we put a few zinc clippings 
into a 11a sk containing some water, and if we then 
(carefully juun- in a little sulphuric acid (oil of vitriol), 
w(i shall soon notice :in effervescence, due to llie 
escape of gas. Then we tit tightly into the neck of 
the hotlle a coik furnished with a bent glass tube. 
Thi* liydrogen, as it is formed from the acidulated 
water by tJie zinc, will ])ass through the tube; and 
the hubhles of gas may be collected in a bottle full 
of watei* placed in the trtmgh. t^are must be taken to 
.‘illow all the :iir to be displaced from the generating 
tiask before the gas is collected. This is done by 
trying when the gas, caught in a small test-tube over 
^ Eor the nieuiiiiig of this word see page 81. 
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the water, l)iirns quietly on being brought mouth 
downwards to a llame. When the supply of gas 



begins to lossiui, it can be again incuc^ased by pouring 
a little more a<M<l through the tulx^ funn(‘l witliout 
tjiking out the cork. 

Iluving thus (Hdleclod threes 
bottles full of hydrogen, whieJi 
are kept by j)laeing tludr 
mouf.lis downwards in small 
saiurers lilhMl with watoi*, l(*t 
us see what (‘Xperiment can 
tell us about the juoperties of 
this interesting gas got from water. 

18. Hydrogen burns and is lighter than air. 

Experiment H>. — Take one of the bottles full of 
hydrogen and hold it mouth downwards in the air, 
and then push a lighted taper fixed on a wire into 
tho bottle. We shall see that the hydrogen gas takes 
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fire and burns at the mouth of the bottle, but tliat 
the flame of the taper inside the bottle has gone out. 
When we ])ring the taj)or out again, it will be rc^- 
kindled by the flame of the burning hydrogen, but 
will be extinguished when pJunged into th(5 gas. 
Wliat does this experiment teach us? 

1. Hydrogen is inflammable, and burns with a pale 
blue flame. 

2. Hydrogen does not support the combusiion of a 
i.a]>er. 

Expkrimkxt 17. — Turn upwards the mouth of a 
bottle lilled with hydrogcui, and then cpiickly bring a 



light to it ; the hydrogen will burn with a nincli 
larger flame than when the botth; is turned mouth 
downwards. This is because hydrogen is much 
lighter than air. For this i*ea,snn we can pour 
hydrogen upwards. Tak(‘ a bottle tilled with air and 
another filled with hydrogen, and liold the bottle of 
air above the bottle? of liydrogen as shown in h^ig. 14, 
'when the lighter hydrogen will ]>ass Tijvwarels from 
the lower into the? upper bottle? displacing the air. 
Then bring the top bottle with it.s mouth e^Avn wards 
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to a light, when the hydrogen will take fire and burn 
(sometimes with a slight report from admixture of 
air). Let the bottom bottle sta.iid lor a few njomeiita 
mouth upwards on the table and then bring a light 
to it. All the liydrogen has gone, and the bottle is 
filled with eommon air. This c‘Xperim(‘nt shows that 
hydrogcm is much lighter than common air. Indeed, 
it is the lightest substance we know of, and is therefore 
used for filling balloons. 

19. Water formed when hydrogen burns. 

Let us next try to find out what is formed when 
hydrogen burns in the air. 

Expekiment 18. — Instead of the bent tube fixed 
to tlio flask used to generate the liydrogen, attach a 
sti'aight one with a pointed end to 
act as a jet. After you arc (piite 
sure that all the air has been drivtui 
out of the flask (and this can be 
ascertained by hanging a dry test- 
tube onto the pointed tube and 
seeing that the hydrogen which 
then will fill the test-tube ])urns 
(piietly on lighting it), bring a flame 
to the jet. The hydrogen will burn 
with a steady flame; now bring I’hr. lO. 

over this flame, as in Expei'imiuit 
2, a dry glass, when a deposit of dew, or small drops 
of water, will be noticed. This shows that when 
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hydrogen burns it unites with the oxygen in the 
air to form water. 

Expekiment 19. — Now let ua see whether anything 
else is produced when the hydrogen burns. We will 
nlJow the dame to burn inside a large bottle or flask, 
and then add totJieairin whieli the flame of Jiydi’ogen 
has burnt some clear lime-water (as in Experiimmt 1). 
No milkini‘ss is, however, produced, and we thercd'orc! 
set^ tliat no carbonic acid gas is forin(‘d by tlm burning 
of hydrogen ; and so, by making furi Jier experiments, 
(diemists (fonclude tliat when hydrogen burns in tlie 
air nothing but j>ui‘e water is formed. J>y arranging 
Experiment 18 so as to keep tlie glass cool for some 
time, we may collect a glass full of water, and we 
lind that this is perfectly pure water and quite free 
from soot, which was present in the water got by 
burning the candle (Experiment 2). 

Now we learn where the water came from wdien the 
candle was l>urnt ; tlie wax must contain hydrogen, 
and the water is formed by the union of the hydrogen 
of tlui wax with the oxygen of the air. So you see 
that in gaining knowledge about water we have 
learnt about air, for we have seen that water is 
madij up of two difl'ereiit kinds of airs or gases, so 
closely are the parts of natural knowledge linked 
together. 
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WATER. § Vni. 

20. Composition of Water. 

Next let us try to learn more about the 
(‘omposition of water. We foiuul (Kxperi- 

meiit .‘i) that oxygen is contained in the air 
mixed with nitrogcm (Experiment 0). The oxygen 
exists in tJie air in the free state as a colourless 
gas ; in water th(j oxygen is chemically combined 
with liydrogen, and wlien united together these 
two gases fonn licpiid w’ater. We .also know that 
(Kxporiinent 12), when water is decomposed, two 
volumes of hydrogen gas are obtained for every 
volume of oxygtm. It now becomes an important 
<]uestion to ask what weight of oxygen and hydrogen 
unite together to form water. How many pounds of 
hydrogen .and how many pounds of oxygen go to form 
so many pounds of water? You must take care to 
distinguish between volume and weight. To 
ascertain the composition of water with accuracy 
is not easy, and it is so import.ant that many 
chemists have devoted months or ye.ars to find out 
the exact weights of hydrogen and oxygen which are 
contfiined in water. We may ciojiy their experiments 
by what I may call .a rough model, which, if it is 
rjither more ditiicult th.an the former experiments, 
is of great interest, and will ho understood by all 
who read the description ajal try the experiment 
with care. 
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Expeiument 20. — In the Introductory Primer 
(Article 21) the pupil has learnt the use of scales or 
the balance, and knows how the weight of a sub- 
stance is determined. It may, however, be well for 
him to learn how to weigh for himself, and to know 
the number and value of tlie weights. 

I have here a small pair of common apothecaries* 
scales and a. set of weights. A is a. tube of hard glass 
with a bulb blown onto it, and into this I bring about 





FiK. 16 . 

half an ounce of black oxide of copper ; ii is another 
tube into which the bent (uid of tube A can be fixed ; 
this tube is filled with white calcium chloi’ide, a sub- 
stance wliich eagerly absorbs moisture ; c is a flask 
for generating hydrogen from water and dilute acid 
by means of zinc ; d is a little wash-bottle contain- 
ing some oil of vitriol, which will dry the hydrogen 
as it bubbles through ; E is another tube containing 
calcium (ihloride, through which tlu^ gas must pass. 
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and thus get quite dry ijefore reaching tube A. In 
making the experiment we must first get the weight 
of the tube A and the (;opper oxide, by taking out the 
corks and separating it from the tubes e and B, then 
carefully putting it on f)ne jian of the scales and 
placing weights in the other until it is exactly 
balanced. The precise weight of the tube and the 
copper oxide must then be written down. Next 
carefully weigh the tube B in tlie same manner, and 
set its exact weight down on paper. 

Now put the two tubes back into their places, 
as before, taking care not to lose any of their con- 
tents ; then pour some sulphuric a(;i(l down the funnel 
tube onto the zinc, and allow the hydrogen to bubble 
through tlie whole .apparatus and over the cc)])per 
oxi<le. Put a dry test-tube over tlie turned-up end 
of tube u, and collect the hydrogcm as it comes out- ; 
try from time to time whether tlie air is driven out 
from the apparatus by bringing this test-tube (mouth 
downwards) to a h.ame. After several trials tlie 
liydrogen in this test-tube will be found to take fire 
and burn quietly. As soon as this is the case, put 
.a small gas-flame under the tulie containing the 
oxide of copper. As long as this remains cool no 
dilTerence can be observed in the black oxide, although 
the hydrogen is passing over it ; but when it is heated, 
a change begins at once. The black colour changes 
to a bright red metallic tint, and drops of water are 
seen to condense on the cool part of the inside of the 
tube. As the whole bulb gets wai ui the water will 
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be carried into tlio tti})e b, and there it will be held 
by the* calcium cliloride, a moisture-absorbing sub- 
stance. Let the hydrogen pass over the heated bull 
until all the black (*olour has disappeared, and then 
take tljo lamp away. Whilst the bulb is cooling let 
us liiid out what lias happened. The hydrogen lias 
comliiued with the oxygen of tlie copper oxide to 
form water which has passed on, partly as water and 
[lartJy as steam, into tulie n, where it all collects, 
none of it escaping into the air ; the red powder left 
in the Inilh is pure metallic copper. Now let us 
weigh the two tubes again. In the first place, tube 
A weighs less thjin it did befoi’c^ becniuse it has 
lost something (viz. tlie oxyge^n) which lias wca'ght. 
S(?coiidly, the tube J* weighs more, because^ it hsis 
gained soimthing (viz. the water) which has weight. 
Now then we ha ve : 


1. Weight of tuVie containing the c^o])pei’ 
oxide, before exjieiiment 
Ditto, after ex])eriment .... lOlb 
Tlu; dilTerence between these weights is the ( 
loss due to escape of oxygen . . . ) 



:b W eight of tulio Ji liefore experiment . . 803 

4. Ditto, after experiment .... 8IS 

The tlilference between these weights is the \ 
gain of weight of tube /> due to alisoi-jition 45 
of water . . . . . . . j 


W hat must we conclude from this most important 
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exporiinent ] Tlie answer is oHvious Tliai. '15 ]>aris 
}»y weigliL of wa-tor contain 40 [)arts ]»y weii^ht of 
oxygen ; and as water contains notliing but liydrogen 
and oxygen, it must contain tlio difFerenee, or live 
parts by weight of bydrogtai ; or to two parts of 
hydrogen by weight, water contains sixteen 
parts of oxygen. 

Tliese same proportions aro always found if the 
experiment is carefully made. And thus we leai'ii 
the first great law of chemical combination, 
that the same chemical substance always 
contains the same quantities of its compo- 
nents. Eighteen paitsof water are always made up 
of 11) parts of oxygtui to ‘d [)arts of hydrogen by 
weight. 


WATER. § IX. 

21. What is the difference between sea 
water and fresh spring water? 

We know that sea water is salt, or it contains salt 
dissolved in it. It is easy to make salt water by 
throwing some common salt into watiu* ; the solid 
salt disa})pears or dissolves, and the water now 
tastes salt. 

KxrKHLMKNT 21. Wc cau only get rid of this 
saltness by distilling the water; tliat is, by' boiling 
the water and collecting and cooling the steam. 
This we can do b(*st in a glass retort (tig. 17). We 
boil the water with a lamp, the steam comes off and 
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passes down the neck of the retort, and into the 
Jiask, over tJie oiitsidi^ <)f wliicli some (*old Avater runs 
to cool tlio steam inside tJie llask. Tlie distilled 
water has no loni^^er a salt taste ; it is pure water, 
hu* ail tlie soiid s:ilt remains behind in the retort, as 
\\r iiiMV si'e Aviieii wv l)oil oil* all tlie watiu*. Tin's 
plan of gelling fresh water from salt sea water is 



l'j;r. 17. 


mueh used on hoard ship*, and th(‘ water thus got is 
good for drinking purjioses. Sometimes spring oi* 
l'r(‘sh river water eontains eommon salt dissolved in 
it, hut in such small <]uantities that it does not taste 
salt. Tlie elieniist, liowever, has a better mode of 
stHung wlietlier water eontains salt tlian judging by 
liis tongue of tlie saltness : he uses a. more delicate 
test than this. An experiment will sliow this. 

22 . Testing for salt. 

E.\ i*KiiiMnNT 22. - Take two large clean glasses, 
full of distilled water or clean luin water ; drop 
into one of these a grain of common salt as big 
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as a pin’s head; stir it well up until tliis salt is 
quite dissolved. Nf)W try whether you can taste 
the salt. V^ou will not be a])le to do so. ^h)w 
take the bottle labelled “ Silver Nitrate/’ and care- 
fully pour three or four drops ot the liquid into 
the middle of each of the glasses of water. Soon 
a white cloud will be seen floating in the water 
to which the grain of salt was add(?d, whilst the 
pure water remains clear and bright. ^Phus, then, 
the chemist by his testing and experiments can 
ascertain the presence of substances which the 
common observer overlooks or cannot see, and you 
will afterwards learn what hapj)enod hcu-e when this 
white cloud was formed. (See pugo 105.) 

23. Solution and crystallization. 

Many other solid substanct.‘s dissolve readily in 
water sugar, soda, alum, for iiistauce. Oth«*s 
dissolve a little, such as gv'psum or plaster of Paris. 
Others again do not dissolve at all in (H)mmon water, 
such as flint, sand, or chalk. 

Experiment 23. — If we take two ounces of soda 
(Tystals, commonly called washing soda, anti aihl to 
them one ounce or about a test-tube full of hot walt*r 
in a glass, the crystals wdll all dissolve on stirring. 
If we allow this solution of the soda to cool, we 
shall noticio that particles of th(‘ solid soda. begin 
make their apjiearance on the sides of the glass in 
bright shining little masses called crystals, or the 
solution is said to crystallize. 
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Tf you notice tlio shnjie of t lie crystals, you will 
find them fill alike, only some Lirger than others. 



Now tiy tlie same with om^ ounce of alum and 
ono ounce or n lest tube full of wjiter ; the crystals 
of alum will make their fijipearance by degrees. 



I'i- K». 

'riiey I1M.V0 (jviitc a diHrmit. sliajM* from the crystals 
of soda, as you see in the drawings. 
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Experiment 124: — You may do tlie same with 
bluestoiio or sulpliaie of copper, and the blue crys- 
tals will slowly form of the shape shown in the 
drawing. 




Now mix up half an ounce of powdered alum and 
half an ounce of powdered sulphate of copjjer, and 
Iiaving mixed these powders well togetlier with tlie 
mortar and pestle, dissolve them in one ounce of 
hot water, and let the solution cool. Carefully 
notice what sej^arates out. You will set‘ that the 
colourless crystals of alum are foiiued, and side by 
side with them blue crystals of sulpliate of copper 
appear. The t wo diiTerent salts can thus be sej>arated 
by crystallization ; and if we took time enough, 
we could pick out all the alum (•rystals and put them 
on one side, leaving all the crystals of sul]>hate of 
copper. Tliis sliow s how^ nature s(‘]>arates out things 
which are different, and we .see that many rocks and 
minerals are formed in the earth by (Tystallization. 
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Thus we find calc- spar, fiuor-spar, lieavy-spar, fel- 
spar, and quartz, all (crystalline minerals which have, 
in different ways (and we cannot always i.ell exactly 
how), been produced in the earth by crystallization. 


WATER. § X. 

24. Rain is distilled water. 

If we think where rain comes from, we shall soon 
see tliat rain water is the puix^st kind of water which 
we find on the earth. Rain falls from the clouds by a 
condensation or li«|nefying of the moisture whi(ch is in 
the air. When the hot winds blow over the ocean, these 
liot winds take up much moisture from the oc(can as 
vapour or steam, just as tlie stoain passes over 
from the retort ; and when this hot and moist air 
gets blown to a cooler place, it gets cold and cannot 
contain so much moisture in the form of vapour 
as when it was hot, so that this moisture is 
deposited in drops as rain. TTence r/iin walc i- is 
distilled water, and you wdll see that a gigantic 
system of distillation is going on all over the globe ; 
and if you reflecct for a lii tle, you will umkcrstand that 
every drop of running water cm the globe has oncce 
been distilled as rain from the ocean, to which it 
again returns. 

25. Suspended and dissolved impurities. 

But does the wat-er running from our springs, our 

streams and our rivers, into the ocean, take anything 
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else batik with it 1 Wliy, you will at once say — Yes, 
certainly, it waslies away saial and soil and dirt into 
the sea. ^riiis you can see if you take soiut; i*ivei* 
water, even the (dearest, and let it stand a little ; 
some sediment will .se]).arate out and sink to the 
bottom. I'liis sand and dirt which the rivej-s (iarry 
out into the sea can be sepai*ated by filtration, that 
is, by passing the dirty water through a piece of 
])orous pa.per, blotting or liltei* paper, placed in a 
funnel as shown in fig. 21, or ])y filtering through 



Fig. -Jl. 


sand or through a sponge or through charcoal, as is 
usual in the water-filters we employ in houses. 

Experiment 25. — Still you will readily understand 
that oidy those substances which are suspended in 
the water as solid particles can thus be got rid of. 
No process of filtering, however perfect, c^an get rid 
of dissolved matter. Add a few drops of blue 
indigo solution to water, and filter this through a 
paper-lilter ; you will not be able to get rid of the 
colour, because the indigo is dissolved in the water. 
In order to get the water free from blue indigcj, or 
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anytliin^ else dissolv<^<l in it, it must bo distillod in 
a rotoi-t'. 

2G. Hard and soft waters. 

PLxi'KKIMKNT tlG . — The Avjder runninji^ back to the 
ocean takes, liowevei*, away witli it substances in 
solution. If we boil down a pint of any cdear 
spring- or filtc^red river-water in a clean porcelain 
basin so as to drive off all the w'ater, we shall 
always find that some solid residue is left ; 
whereas, if we boil <lown a. pint of distilled water, 
no solid residue will remain. This is because 
the lain water, falling on the ground and trickling 
through the soil and over the rocks, always finds 
sometliing which it can dissolve, and which it takes 
a- way with it. Thus the sea is constantly having 
solubh* matter carried into it from the land, and it is 
becoming, though very slowly, inoi'e iiujnire. 

Of course the kind of substances which the rain 
water takes up in solution on its roa<l to tlu^ sea will 
depend ujKm the kind of rock oi- soil through which 
it passes, and also, you will say truly, upon the soi’t 
of dirt which peoph^ living near throw in. Some 
sjn’ings are even more .salt than the sea itself, because 
the water which supplies them flows ov(*r a layer cu- 
bed of solid salt inside the earth. 

Many spring and liver waters are said to he hard, 
wliilst rain water is always soft. A w:iter is hard 
wlien soap does not at once form a lather with it, hnt 
a sediment or curd is produced. Let us see if we can 
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make out why tin's is, and for tin's purpose we must 
try an experiiiumt. 

27. What makes hard water ? 

Experiment 27.— Take a little powdered *ryp«um 
or plaster of Paris, and put a pinch of this into a. 
large bottle full of <listilled or rain (soft) water. Then 
shake the water and the powder well together for 
some time, and afterwards filter the whole through 
a paper-filter. The water will be cpiite clear, but it 
has become hard ; this you may tell l>y trying to 
wash your hands with soap in this water, or, better, 
by first clissolviiig some soap in hot water (as is <k)ne 
for making soap hubbies), and then di’opping a little 
of the cdear solution of soap into the hard water, 
when you will find that the scwip does not make the 
water lathery but curdy, until aftei- you ijavt^ ad<led 
more soap solution, when tlie frotli appisars. 

Hence we learn that spi*ing and rivtu- water may 
become hard by containing gypsum or sulphate 
of lime in solution. If you l>oil the water which you 
have thus hardened with gypsum, no change will 
occur; the boiled water on cooling will be as hard 
as before. 

WATER. § XI. 

2S. Hard chalk water is softened by boiling. 

There is, however, anotlier kind of hard water 
about which we have to learn. AYe have already 
learnt (Experiment 7) that the air from the lungs 
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contains carbonic acid gas, and that when you blow 
tlio air out of the lungs tlirougli some clear lime- 
water a white insoluble powder (^alled chalk oi- car- 
l)onate of lime is formed in the water, which soon 
liecomes quite milky. 

Experiment "2S. — Kept^at Experiment No. 7, but 
blow a great deal more air through the lime-water than 
you did before. If you go on long enough — perhaps 
live minutes — you will see that the milkiness begins 
to disappear, and the water becomes clearer ; you 
may not be able to get it quite clear, but you can now 
lilter the liquid through a paiRT-filter. A clear water 
will come through, which, however, you will lind (by 
trying tlie soaj) experiment) is quite hard. Wliat 
now has happened If Why, the cai-])onic acid fi*om your 
lungs lias the pow'er of dissolving the chalk (which 
you know does not dissolve at all in pure watei') ; 
and thus we get a clear water wdiich is hard, because 
it contains chalk dissolved in carbonic acid. 
Now you know that carbonic acid is a gas; if Ave 
boil the water which we have just hai dened, all the 
carbonic acid gas will be driven olT, and the chalk 
which was dissolved in the carbonic acid will be 
thrown down as a white powder. This you can 
easily see by boiling the hardened water in a glass 
lljisk. If you liltiu* this boiled w^ater, you will lind 
(by the soap test) that it is no longer hard, but lias 
been softened by boiling. Another way in wdiicli 
water hard wdtli chalk dissolved in carbonic acid can 
be softened, is to add clear lime-water to the hard 
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water ; the lime unites chemically with the carbonic 
acid, form in chalk or carl donate of lime, which pre- 
cipitates or falls down as an insoluble powder together 
with the (dialk originally present. By this latter 
plan hard chalk waters can he easily softened on a 
large sc^jile. 

29. The water of different rivers differs in 
hardness. 

The hard chalk water then differs from the hard 
gypsum water, inasmuch as we can soften the 
former hy boiling or adding lime, whilst the lattci* 
ciiTiTiot be thus softened. Now if the rain water 
tricikh^s down through rocks containing gypsum, the 
springs and i*ivo]*s in thut district (as thi^ rivcu* 
Trent), are h.ard with gypsum. The rain, however, 
although j)urer than any other form of ruiniing 
water, is not quite pure, for it contains carbonic^ 
acid gas dissolved in it, which it gets from the air 
(see Experiment 9). Tims it happens that when 
rain water passers through a limestone district., or 
through clialky rocks or soil, the carbonic acid dis- 
solvers some of the chalk, and we get (as in the 
Thames) waterr hard from chalk. The ciust or de- 
j)osit often found in ketth^s or boilers is generally 
IK *ijg more than this chalk, which slowly separates 
< ’.t on boiling tlu*. watei* and sticks to the bottom or 
sitiers of the kettle as a hard crust. 

If tlur i*ain passes through a gi*anite distiict (as 
the Deo in Scotland), wljere tlurre is no chalk or 
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gypsuni, th(*ii the waiei* remains a soft wattT, be- 
(\‘nis(^ it eaiiiiei taki^ up ami dissolve any hardening 
subsf-aiiee from ilie soil. 


oO. Surface water of towns impure. 

If water llows tln-ongh a, t-own oi- n(\-ir s<^wers, it 
lH‘(*om(‘S iinpnn^ from admixtin-t* wiiJi l.lie drainage 
from lionsc's, arid is rendered (juiie uniit foi* drinking 
]mr})Osi‘s ; ind(H‘d, it may thus iH^eoiiM^ jxdsoned, and 
tlu* cause of disease. Sometimes the most clear and 
sparkling water may contain sewage impurity, if 
<lrawn from tlie neiglduairhood of towns or drains, 
it is for this leason tliat most of our large towns are 
now sup])Ji(‘d l)y pure water collected in reservoirs 
at a distance from tlie towjis, and brought into («ich 
house* by ii*on or lead pipes, s(» tliat it cannot become 
sjioili. by mixing witli dj'ainagci water. 

;n. Water dissolves gases. 

(hises will also diss(»lve in w’atf*r, some kinds 
much more than others. We have seen that 
carbonic acid gas from the air dissolves in rain 
W'ater, and in soda water there is so much of this 
gas dissolved, that. wh<‘n the cork is taken out 
the gas flies out. Even the air dissolves in water, 
and tlie dissolved oxygen gives to spring water its 
pleasant fresh taste. If you boil the s})ring water, 
the dissolved air ilies off, and when (pooled again you 
will find the w\*if t‘r tasles flat and insi])id. The dis- 
solved oxygen in river water and also in sea water 
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Ls osseiliial to iho lift*, of fishi^s, for lln/y lu^ed oxyj^en 
for their ])rejithiiijt' iihi iiiucli as animals which live 
ill tlie air. Where do th(*y get tlie oxygen ? - 
not from the oxygen which is comlhned with liydro- 
gen to loi'in vv;d.er, Init from tlie oxygcMi g;is whicli 
is ilissolved in tiui wcter. Kish(‘S ]>siss large <|iiat)- 
tities oi water througli their gills, and in j)assing 
through tliey (‘xtraet tin? oxygen. If you tlirow a 
live hsh into cold wat(‘r whicJi has Iuhui w(‘11 boiled 
and not exposed to air, the lish will die, because there 
is no dissolved oxygen in the water f(»r il. to brea the. 


EARTH. § XU. 

32. About Earth. 

\\^e have now learnt a little about Fire, Air, and 
Water ; let us next see what we can learn abmit 
Karth, or the solid niatter of which our globe is 
made up. 

Fire, Air, and Water are somewhat simide 
things : — 

Fire is the heat given off when bodies burn or 
combine chemically. 

Air is the mixture of two ga.ses, oxygi*n ami 
nitrogen, which exists around us and which we use 
in breathing. 

Water is the liijuid whicdi surrounds the Earth 
and is comjiosed of two gases, oxygen and hydrogen, 
(diemically combined together. 

Earth is a much im»re diliicult ami complicat(?d 
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subject, and we can only learn a very little of the 
Chemistry of Earth in this book. 

To begin with, the solid Eartli, as we (^all it, is only 
solid because it is not hot. All solid things (^an be 
moJUui niid iii:u1e la/iiid, if only tliey are made hot 
enongdi. JIai'd i]*on can be Jin^lted in a, furnace aial 
poured out like water, glass can be meltiMl and cast 
into plate : so all tlie solid rocks and stones can be 
melted and ma.de licpiid, like water, and even boiled 
away like water, and driven off in vapour, if we 
only heat them enough. In reality, the inside of the 
Earth is hot enough to melt rocks ; and in volcanoes 
(or binning mountains) we often see that white-hot 
liiluid rock (called lava) is j)ressed out, and sometimes 
rims out over a town, as at Herculaneum, near Mount 
Vesuvius, and burns up and buries all that comes in 
its course. 

Jjct us take up some dilTerent kinds of earthy 
bodies, and see what they are made of and what we 
can get from them. 

Preparation of carbonic acid gas from 
chalk. 

ExrKKiMKNT 20. — Take a few pieces of chalk, 
or limestone, or nuirble (for these are all the same 
(rheinii^al substance) ; put them into a bottle lifted 
with a cork, beut tube, and tube funnel ; iioui* 
some water into the bottle, and then add a little 
“ hydrochloric acid.” Vou will Jiol ice tliat a bubbling 
takes placid near the chalk, and if you <lip the end of 
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(lu- l>oni- tnl)o imdor wnicr contMiiifd in a "lass, 
l)nl)l>l<‘s of ‘TJiswil] |Ki.ss tin* water. Tdiangf* 

this <;lass for an empty and let tlie ^ns pass 

from th(> iiilx; into this bottle. After a. ft^w minutes 
j>lun"e a burning tajjer into tbe })ottl(‘ into which tlui 
gas lias passed, it wdll lie instantly extinguished. 
fSh‘xt pour some clear lime-water into the l>ottle, it 
w-ill be tui’iied milky. Then jait the burning taper 
at the bottom of another liottle containing air and 
pour the gas from the other bottle (as if it were 
water) onto the burning taper ; soon you wdll see 



Fig. 22. 


that it is put out. Wliat is the gas w^e have got 
from chalk or marlik^*? It is carbonic acid gas, for it 
puts out a flaiiK^, it makes lime water milky, and it is 
so much heavier tlian air that we can ])our it from 
vessfd to vessel like water. This carbonic acid gas 
is combined in tbe chalk, and w hen we add another 
acid, this gas comes otT, What else does the chalk 
contain? Let us put a piece of chalk, or limestone, 
or marble, into the lirt^, so as to heat it gently, and 
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then notice wliat liapj>ons. If we take the stone out of 
tlie fire, we see t.hat it has been altered by being burnt. 
If we pour acid upon it, ]>ul)bles are not given off ; 
ii. has iben'fore lost its eai-bonie acid by Inang burnt. 
But if we pour water on it, we notice tliat thi^ solid 
substanct^ falls to ])ow<hu' and luronies hot. enough to 
make the water boil. >Iow what has happenc'd is, 
that, by heating, the limestone oi- marble has lost its 
carbonic acid and quicklime is h‘ft (and t his is what 
hapj)ens in tlu* liim^-kilns) ; and when we jKun* watiu* 
onto qui(‘kUnu\ it is slaked, or (•ombiiies with the 
wa((T. n(‘iie(* w(* have learnt that chalk or mai ble 
is a chemical compound of lime and carbonic 
acid, and also that from an earthy su])stance we may 
be abh* to get. a gas. 


EARTH. § XJll. 

o \. Preparation of oxygen gas. 

Experiment oO.— Xext we AvilJ take aiadlier earthy 
substance, not so C(»mmon as chalk, but one which 
will teach us some important h^ssons. We will put 
a lit tle of this red powder out of the bottle labelled 
“IVlercury Oxide ’’ into a little tube of hard glass, 
and fast(‘n to it a cork and bent glass tube, a, ml fix 
this in a holder. Then heat the red powder - it will 
soon get dark coloured, and then a bright white 
shining substance will be deposited on the cold 
sides of the tube. Bubbles of gas will be seen to 
come off at the end of the tube, and these can be 
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rollt^cicd in a with vvaifr in the 

trout'll. Wn <%‘in then test to s(;(; w}i?it t his pis is, 
jind by iisin^ a recl-liot spliiit(T nf wood w(^ sIimII 
see tlijit this pis is oxypni pis, })ee:uise the 
hot spnrk is at onee n^kiiidletl. Now w(; nuiy p) 
on liea.tiiif' tlu^ rtjd |K»vvder until it, Jims mII dis;ij)|M.'iired 
or is nil eonvert.ed into oxyp‘n pis and th(! bright 
shining substance which collects in the tube. Let us 
lind out what this substance is. Wlii'ii all the red 
powder has ilisappeared from th(< bottom of llu^ tube 


we take the t ulie and cork out of the water to pi <‘vent- 
tlio water going liack into the tulu* wluui we take 
away the lamp. Now when tlie whole is cold, scrape 
down the sliining deposit with a. litth^ ])ii‘ce of wood, 
and you will find that bright liijuid drops of nudal can 
be shaken out of the tube. This metal is mercury 
or quicksilver. 

Now we have learnt that this red powder (‘an 
bo split up into two substances by heating it : 
(1) Oxygen gas ; (2) The metal Mercury. Not only 
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docs this red powder, wherever it may he got from, 
always yield mercury and oxygen on heating, hut 
the same weiglit of tliis red powdeu* always gi^es 
the same volume of oxygen and the same quantity 
of mercury. 

You see why this is called oxide of mercury 
— because it is a chemical compound of oxygen and 
mercury. Nobody could tell tluit this red powder 
contained these two quite different substances ; this 
is a thing which can only be found out by trial or 
experiment. (Iiemists have found by weighing the 
red powder, and the mercury and oxygen which it 
yields, that 216 pounds’ weight of rod oxide of niei-- 
cury always yields 200 pounds of metallic mercury 
and 1 6 pounds’ weight of oxygen. So here again w^^ 
have proof that the same chemical compound 
always possesses a fixed and unalterable 
composition. 

.35. Metals become heavier by oxidation. 

Almost all the eari-hy and solid rocks and bodies 
which we see around us contain oxygen combined 
with something else, forming oxides. Thus all the 
metals, such as iron, copper, silver, zinc, lead, will 
combine like mercury with oxygen to form oxides, 
and tlie oxide will always be heavier than the 
metal contained in it, In^cause there is also the 
oxygen, which has weight. 

Experiment 31.— To show that this is the case, 
take a small horseshoe magnet, and dip the ends of 
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tli(5 magnet into fine iron tilings, wliich will stick to 
the magnet, forming a kind of small brush. Then 
hang uj> th(^ magn<*t, with the lilingson it, on one end 
of the beaiu (»f the scales, and aceiiratcdy balaii(;e the 
other j)an with weights. Now place the ilamo of a 
i.-unp iinderm^ath i.lio tilings as tiny hang on the 
magnet ; yon will se<? that the tilings take tiie and 
hum that is, t,hey are combining with the oxygtui 
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of the air to form oxide of iron, which is the same 
thing as iron rust ; and, if you get enough filings 
to stix^k to your magnet, you will see that the scah*s 
will no longer be balanced, but tliat the iron rust is 
heavier than th<‘ tilings. 


ao. Metals contained in earthy substances. 

Sc wc learn from these twxj last exp(?riments tliat 
an (earthy-looking substance may contain a bright 
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metal. Let us make one or two more experiments to 
si low this. 

Expeiument — lake a small crystal of “ blue- 
stone,’' or sulphate of coj)per ; ilissolvt^ this in some 
hot water in a t('st-tuhe ; tlu*n place tln‘ clean lilade 
of a knife, or any jiiece of }>i*iirht iron, into tin* hlue 
li(piid. In half a minute take out the hri^dit iron and 
you will see that it is coloured red when* it has dij)]K*d 
in th(‘ hlue li(|ui<l ; and if you ruh this you will gi*t 
th(^ bright, i-ed (•olour of metallic copper. Put 1 he 
iron hack again, and h‘ave it for some timi* in the 



blue Tupiid, when you will fiml that the blue colour 
will have disap[)eared, and much coppeu* will be de [)0 
sited as a brown jiowder ; and on jmtting a piece of 
clean iron in the- solution, no further red deposit will 
be formed, showing in two ways tliat all the copper 
has lieeii thrown down from solution. 

Experiment — Take half an ounce of the white 
solid labelled “Lead Acetate,” commonly called sugar 
of lead, and put it with some water into a small clean 
glass, when it will all .soon dissolve ; tie a small bit 
of zinc by a thread to a bit of wood, so tliat wlien 
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t he wood rests on the top of the ghiss the zinc hangs 
in the Allow this to stand for some hoars, 
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when crystals of metallic lead will In* tlc|M).sited on 
the zinc, and I’orni a treelike gt invt li, show ing that, 
the white crystals contain inetaJiic lead. 

BARTH. S X\V. 

37. What is Coal ? - 

Next let. ns try t(» find out something about coal. 
Coal, w(? know, contains carbon, tor we saw tliat 
it burns and yields carbonic acid gas by eomldning 
with the oxygen of the air. You no doubt all 
know that coal is got from “ pit s '' or ‘‘ mines,” 
and it is found sometimes deep down in the earth, 
and sometimes at or near the surface, and some 
of you may liave seen 01* (*ven been down a coiil 2>it. 
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A groat deal might lie said about of>al — about bow 
it was formed, wliat it ooiitains, wliat wo can ge t 
from it, and wliat w(* do with it. 

1. How was coal formed ! Tluuigb it may s(*em 
strang(‘, it is si ill trii(\ that coal is llie rcMiiaiiis of 
jilmits which grew Inn^ ago on the surfaet*, but wliieii 
have been buried down d(‘ep in the earth. When you 
go down a eoal ]»ii you will see the loof and iloor of 
the passages covered with im 2 )ressioiis or oasis of 
leaves and otlier parts of jdants. showing tliat jdants 
have been burical liere : and if we slice, a ]ii(*ci^ of 
coal very thin indeed, we see in the ctial itself marks 
which show ns that ii. has all been vegei.able inatter. 

‘J. What does coal contain, and what can we get 
from it ! ('Oal contains carbon: if it burns with a 
clear dame we know tliat carbonic acid gas is formed ; 
and if it liurns with a smoky dame we can gid black 
soot, or carbon, from the coal. 'Fhe coal contains, 
however, other things Ix^sides carbon ; it contains 
liydrogcn as well. 

;iS. Manufacture of coal gas. 

Exi’KIU.mknt od. — Powder a litth* coal and ])ut it 
into the howl of a c(»iiimon long tohaci o-])ij»e ; then 
cover llie top well with a. stojijiei* ()f moist clay (madt^ 
liy mixing the ])owdered 8tuurbridg(u;lay with a litth^ 
water), and let the clay dry well. After it is w'ell 
dri(‘d, fast(‘n the howl of the ]»i])e over the. dame of 
the gas-lam]». Soon a yidlow smoke will come: out 
at the end of the i>iiie, and this yellow smoke will 
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this ^as wlioii it is biiruing, ami because carbonic 
acid gas is formed wlu'ii the gas burns, as you luav 
show with tli(* lime-water test. : it also contains 
hydrogen, because if you h(»ld a iby clean glass over 
a Ihinie of coal gas, drops of wat-ta* will collect in the 
inside of llu? glass, sliowing that the hydrogen of the 
coal gas has united with tlu^ oxygen of the air to 
form water. 

You know that coal gas is invisible, because when 
you tuin on the gas-tap you do not see anything 
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escape alibongh you can smell something. You know 
tlia-t it is iiihamiua-ble, because it burns when you 
])ring a liglit to it. Hut it has many other pro- 
pei’ti(‘S : thus, it is lighter than common air. Try to 
tliinlc wind, cxju'rimcnts you ca-ii make with coal 
gas lo ])r(>v(* tliai this is the case. 

All the coal gas which we use in our towns is made 
in lliis way. .Inst(‘a(l of tobacco-] »i[>es, large ovens 
made In-icrk or sometiiii(\s of iron ai-e used, and 
these art' <*alled retorts ; inst(‘ad of a piiudi of coal, 
many tlamsands of tons are niad<' into gas ^ instead 
of a test-tube to colhict the gas in, enormous gas- 
holders made <if iron ] date are used. 

Now when tlu* ])i]>e is cold take off the clay, and 
you will find sojiie grey coke in the bowl ; this is 
some of tb(‘ pure carbon of the coal which is left 
behind. )SonH‘ of tlu*. car])on ami all tbe liydrog(‘n 
of the coal has gotui off as gas, or water, or tar, 
foj* all these, things are formed 'when coal is distilled 
or heated as we ha.V(* <lonc, 

Thert^ aie inany diiferent kinds of coal, some of 
wliich are not- so good for g:is-making as others, 
V)e(*ause some contain more carbon and less hydrogen 
than otliers, and tlierefoi-e give less ga-s and more coke. 

lk*sidi?s coal gas we can get many other things from 
coal. Thus we g<‘t the tar which is used to tar ropes, 
sails, and fisliermeii’s nets, to })reveiit them from 
rotting in the salt water ; also pitch, which is used 
for asphalting pa.vt‘im*nts ; and, w hat, is more wonder- 
ful, w e get from (ml tho.se sjihuidid ]»i ight violet and 
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crimson colours, mauve and magenta, which you see 
in the shop windows. How^ these colours can be got 
from coal you cannot at present understand. 

30. Uses of coal. 

Of the importance of coal it is difficult to give yon 
an idea in a few words. Try to think Avliat EngLind 
would 1)0 without coal ! A lmost all our maniifacl ur(*s 
depend on our having cheap coal. Our comfort, oi* 
rather our very existence, in the winter, depends on 
our supply of this (essential article. Where should we 
be witliout railroads or steamboats ? and yet these* 
both depend on our having coal. Coal is not found 
everywhere in Great Britain. In those districts where 
coal is found great industries have sprung up ; where 
no coal is found the country is purely agricultural, 
'riius in Lancashire we have coal and the cotton 
trade ; in South Wales we have coal and tlu^ iron 
trade ; in Yorkshire w(; liave coal and the woollen 
trade; but in Kent, and Kssex, and Sussex, wliere 
there is no coal, we do not lind great centres of maiiu 
facture ; in these (nninties the people chielly live by 
farming. 


EARTH. § XV. 

40. Coal gas and flame. 

Let us now try a few experiments with coal gas, 
and see what we can learn about Flame. 

Expeuimknt 35. — Why does the flame of hydrogen 
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(see Exporiiiicut 18) give off so little liglit, whilst the 
flaiTie of coal giws gives off so iimeh ? A simple ex- 
jK‘rimeiit Avitli tlu^ Bunsen gas-burner will soon 
exphiin lliis. if you stop up the lioles at the bottom 
of the lamp with your lingers, you will see that tlie 
gas burns with a luminous llariK^ ; if 

S you jomove your fingers, the flame loses 
its bi'ightness and burns blue. ^J'his 
is beeause carbon or sooi. in a finely 
divided state is present in the bright 
(lame, but not j»resent in the blue llame. 
Mold a }>iect* of white paper for a- few 
seconds over the bright flame, it will 
smoketl ; but when ludd over the 
bliui flame th(*re will be no smoke. In 
Fi;,'. L'S. f h(‘ 1 )right flame the com I aistion (( u* burn- 

ing) is incomplete, and solid ])articl(^s 
of carlion are separab^d out in the flame ami cause the 
flaiiK* to be bright ; in the blue flame all the carbon 
is at once burnt by the air which rushes tliiough the 
round lioles and mixes wifh the coal gas before th<^ 
mixture burns at the top of the lamp. 

K.xrKH I MKNT .‘H». The different parts of a common 
candle flame are well worth study and teach us much. 
If you carefully look at the flame of a candle burning 
steadily you w’ill s(h^ tliat the flame consists of three 
parts : - 

1. A bhu^, scarcely visible outer zone, or mantle, 
whert* thf» combustioji is complete. 

12. An inner bright or luminous zone, where soot 
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is se]Mir;it(Hl out and tho li^i^lit is i^ivoii olT, and where 
tlie (‘oiubustion is incomplete. 

3. A l)Lick com) in the inside*, consistin^*'^ oF the 
uninirnt gas givoji olT by the? wick. 

The cjindle is in fact a small gas- 
works ; the wax or tallow is the 
material which is distilled, tlie wick 
is tlie retort where the distillation 
go<*s on, a.nd higla*!- up and outside 
of this the gas burns. 

You can show that this black 
cone consists of unburnt gas by 
taking a small bent piece of glass 
tube and putting the end into the 
black centre of the tlame ; the un- i i-. 

burnt gases will pass up the tul>e 
ami in;iy be lighted at the other end (see tig. ill*). 

41. Explosions in coal pits -how caused and 
how prevented. 

You ha.ve all heard of the dreadful acciih'uts which 
s()metiim‘s happen iu eoal pits from explosions of 
fire-damp, or a. kind of coal gas, which, when it is 
niixt^l with aij*, explodes or hums suddenly and kills 
the miner.s. As the pits are durk llu^ miners are 
obliged to lake lights with th<‘m to see to do th(*ir 
work and g<‘t the coal, aial wlu‘n the* gas or firt*- 
daui}) rushes out from the eoal it mixes with the air, 
and tlie mixture takes tire at the miners’ candles and 
it explodes and does great damage. These horrible 
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explosions (*au be prevented by using Davy’s Safety- 
Lamp. Let us try if we can learn why this is. 

Kxpkkimknt l^7 . — ^Take a jnet^e of common iron 
am’ re gau/e, and l>ring it close over a gas-burner or 
tlie l>uns(‘n’s hnn]> ; then turn on tlie gM,s, and light 
it on tlje top of the gauze : next i*(Unove the gauze 
several inches above the burner ; tlie llame does not 



pass through tin* wiie g.aiize (jig. IJO). Why is thisV 
Becaupe the metallic gauze so quickly takes 
away the heat that the gas will no longer 
burn. 

Suppose noAv we were to placre such wire gauze 
(piite round a flame ; we should see the flame bui-ning 
inside the gauze ; it would give light, and it would 
get air to burn through the meshes of the gauze ; 
but no flame can pass through the gauze, and 
therefore if we take such a safety-lamp, like the 
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one drawn in IK), into a mine wliere there is 
fire-damp, tlie gas in the mine cannot hecome liglited, 
hecausc the fijime cannot pass through tlu^ wire 
gavr/e. 'J'his is the reason why J>avy\s safetydanip 
lias saved so many lives. 

In fig. .30 you have a })icture of the lamp ; you 
see the fiame buining inside the wire-gauze ease, 
which is sci*ewed tight on to the hi*ass oil-(fan at the 
hottom. Ton leam how such a sim]>le scientific 
prin(;iple as the one I have just explained may he 
made the means of saving thousands of lives, and 
1 ‘ender it safe to get tlie coal which we need so much. 


ELEMENTS AND COMPOUNDS. S XVI. 

42 . The preceding experiments have taught us 
nivicli respecting some of the common kinds of earthy 
suhstan(‘es whicli wo mei‘t with. These are, how(*\ t‘i', 
oidy a very small portion t)f the exjieriimuits which 
clamiists have madi*, and by which they have learnt 
all that they know about the composition of the 
earth. Jt is only by <‘xamining and exjjerinienting 
that we can learn anything in chemistry, and it is 
the busiiK’Ss of the c]ii‘mist to try and test t-la^ pro- 
jieities of eveiy kind of sulistanci^ which com(\s 
within his reach, to sei^ what it is made of, and what 
kind of substances it cmitains. 

In this way testing all bodies, whether they come 
out of tlie air oi- out of the sea or out of the inside of 
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the eartli, er whetlier they are of ininei*al or of vege- 
table or of animal origin, chemists hav(^ found that 
all sii]»staii(*<^s iliey mct't with may he divided into 
two great classes - 

1. Simple bodies, or Elements — substances 
out of which nothing different can be got. 

2 . Compound bodies substances out of 
which two or more different things can be got. 

4i^{. T.et US look for some exam])le.s of sim])le and 
compound bodies ; first among the gases. Oxygen 
gas is a simple body, or an element ; nothing else 
can he got from oxygen. Jlydrogen gas is also an 
element for tii(‘ same reason. l>ut coal gas is not an 
element, it- is a compound, for we can split it up 
into, or ge< out of it, two (juite dilTerent su)>stances, 
viz. carhon or soot, ami Jiydrogen ga,s. (<arhonic acid 
gas, too, we has t* learnt is a compound of carhon and 
oxygen gas. So for liquids; tin* metal mcucairy is an 
element ; we cannot, get out of it anything dilTerent 
hut tlie hriglil, shining, liquid metal : water, however, 
is a. compound, f(n-, as we ha\e set*n, we can in 
many ways prove that water contains the two ele- 
ments oxyg(*ii and hydrogen. Jn like manner, many 
solids are elements <n* simple hodi(*s, whilst many 
are coin]H»uiids : thus, led (»xide of mercuiy is a com* 
pouml, for we can get from it luetallu; m(‘rcury and 
oxygen gas ; (dialk is a compound, for we can get 
from it carbonic; ac'id and lime ; common sjilt is a 
compound, for we can get the yellow gas chlorine fimii 
it, and likewise a metal ; so is “ hluestone,” because 
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we can get V)riglit red copper and also sulphuric acid 
from it. But sulphur, carbon, phosphorus, 
copper, iron, silver, gold, and ixy.my otlnns, ain* all 
solid elements or simple Viodit^s, for out of tliese, 
chemists have not been able to get anything dilferent. 
Nor }ia.ve chemists ev«>r hetm abh; to changes any one 
of these elements into any f)tber one. 

41. By continually making ex]>ei‘iinents on the 
substances tlu^y see around tluMu, (themist.s liave 
found that (‘veryihiug which ibey have, examined 
coming from either above, or on, or below tla^ 
t^arlb’s surfax^e, is niaxh^ up of one or more (►! sixty- 
seven elementary bodies. Some of these are 
met with as gases, such as oxygem ; some as li(jui«1.s, 
like nuu’cury ] most-, however, occur as solids, like 
sulphur and iron. Many of th(‘se elements are very 
ctunmon, and are found in enormous (plant, ities, both 
as (4(mients, or in the free state, and also com- 
bined ; thus, for instance, oxygen is c(mtain(Ml in 
the free statx^ as a gas in the air, but combim'd with 
hydrogen to form water, and with the other ehamaits 
to form oxides. Many of tbe (^ennaits art* Iiuwcn (‘i- 
found very stddom, and ordy in very few ])Iaci*s, and 
these are generally not ust*d in t lu^ arts or manu- 
factures. Still wo have no right to considtT tb(‘se 
elements unimportant and ustdess, although we can- 
not in tiu'so lessons do more than sj)eak of tliose 
which are found in larger tpiantity. 

For the sake of simplicity we divide the elements 
tJiemselvt\s into two classes : tliose which aiv metals, 
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sucli as iron, copper, gold, silver; and those which 
arc non-metals, sii(?h as oxygen, sulphur, carbon. 
Tiie difference in appearance )u‘tweeii things whicli 
are metaJs and things whicJi an^ not metals will be 
si‘on at once by looking at specainens of the above 
elements. 

I'liere are only fifteen non-metals, whilst we know 
altogetlu'r of fifty-two metals. 

Here is a table containing the names of the most 
important elements : - 


No n-MfUilli c Nlrm r n Is, 

Mt'taUic Elemenit. 

Oxygen. 

Iron. 

Hydrogen. 

Aluminium. 

Nitrogen. 

Calcium. 

Carbon. 

Magnesium. 

Chlorine. 

Sodium. 

Sulphur, 

Potassium, 

Phosphorus. 

Copper. 

Silicon. 

Zinc. 

Tin. 

Lead. 

Mercury. 

Silver. 

Gold. 


These sixty-s(>ven elements all possess different pro- 
j)ertit\K, by means of wliieh they ean be r(H?ogniz(‘d 
and sejMirated one from the other. Some, however, 
resemble one another more tlian otliers : thus, tin 
and lead are more like tiach other in tbeij* proj)erties 
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than are oxygen and hydrofi^en. Now when we 
examine the way in whicdi these elements unite to- 
gether to form eompounds, we find that the most 
unlike elements combine together. Tims, tin an<l 
lead do not form any compound difi'ering in essential 
])roperties from either of the two metals ; hut oxygen 
and hydrogen, being unlike, unite to form water, a 
body (piite dilfereiit from either of the eomponent 
elements. It is true throughout tliat chemical 
combination takes place most readily be- 
tween those bodies which least resemble one 
another. 

NON-MBTALLIC ELEMENTS. § NVJI. 

45. Now let us learn alxmt the ]>T’0[>erties of these 
eommouiu* elements in tJie order in Inch they are 
written in the table. 

Oxyg'en is a col .un less, invisible, tasltdess gas. 
It exists in the free state in the air, mixed with 
about four tiiries its bulk of niti-ogcn gas. It com- 
bines with all the elements (with one exception) to 
form oxides. When oxygen combines witli otlier 
elements heat is evolve<l, and oltcm light, and the 
substance is said to burn. Oxygen is contained in 
all rocks, sand, soil, and minerals. ]\lore than half 
the widght of our Avlioh^ earth consists of oxygen. 
Oxygen is necessary for tiie life of animals; they 
breathe it, and use it to oxidi/e and purify the blood 
and to keep up the animal heat. 
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\V(> can got piiiv oxygtMi gas hy Jh‘j,,ting many 
compounds which contain it ; thus ]>y heating rod 
oxide of inorniry in a. tube, or ]>y Ja^ating chlorate of 
potash in a flask, u e can tost for oxygen by plunging 
a red-hot splinter of wood into the gas : if oxygon be 
])]*osont, t}i(‘ splinter will burst into flame. 

To Jtiako oxygon gas on leather a larg(*r scale than 
is described in Experiment 30, avo may take half an 
ounce of pOAvderod chloraie of potasli, and mix it 
Avith enough black oxide of manganese to make it 
bla(;k. I'hen j)lace the poAvder in a flask furnished 
Avitb a perforated cork and long bent tube, placing 
the flask on a, ling of tlie retort-stand so that you 
can gently lieat the mixture, and then collect tlie 
gas, as it comes oam*i*, in bott.les placed in the pneu- 
matic trough, as shown in tig. ||l\ 

You may show 

1. 'riiat a taper stuck on a wirt* having a red- 
liot Avick Avill ])e rekindled avIumi ])]unged 
into tlie bottle of oxygtai, and tlieii ]>rove 
t liat earbonic acid is formed by t>ouriug in 
lime water. 

1?. That a ])iece of j-ed-liot charcoal ])iiriis 
biiglitly in oxygen, likewise foriuiiig car- 
bonic acid. 

3. 'ritat. a small Idt of suljdnir m('ll,(‘d and al- 
lowed to hum on the sp<.)on ]jui*ns with 
a, brilliant tdue flame when plunged into 
oxygen. 
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4. That a very sirialL hit of dry phospliorus put 
in the spoon and lighted burns with dazzling 
s})leiid(nir in oxygen gas. 

You may also show tliat the colourless gas formed 
by burning the sul[)hur, and the wljite fumes formed 
by burning tlie [>hos])horus, are both acid substances, 
because if you pour a little bine litmus solution into 
eacli of the bottles used, you will stHi that the 1)1 ue 
solution will turn red. 

46. Hydrogen is also a colourless, inYisil)le, tast e- 
less gas. It does not occur in the free state in tlie 
air, but exists combined with oxygen to form water. 
l»y several w.ays w(^ can get the hydrogen from water 
(Experiments 1 2 and 14), and also show that when 
liydrogen burns in the air pure water is formed. 
Hydrogen combines witli many other elements - witli 
carbon it- forms marsh gas (or tire-daiup), a snbstaneo 
foiiml in coal gas: hydrogen also is found in all 
acids ; thus, in nitric acud, snlplniric acid, liydro- 
chloric acid. Hydrogen gas is tlie lightest sui)stance 
we know of, being 14- times lighter than air, and it 
has therefore b(?eii used for filling balloons. 

47. Nitrogen is likewise a colourless, invisible, 
tasteless gas. It exists in the free state in tlie, aii-^ 
We (!an separate tiio oxygen in the air from the 
nitrogen by burning a piece of phospliorus (Experi- 
ineiit 6). Nitrogen also is found in many compoumls, 
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in nitric acid, and nitre or saltpetre, and in am- 
monia or spirits of hartshorn. It is also found 
oojii)>iiH‘d ill tlio llosli of animals. Nitr(»^(‘n doos not 
unite readily with l«MUes, and is a very ineit siih- 
stanee; it does not hum itself, nor suj)port eonibus- 
tion nor animal Jif(*. It is, however, not poisonous, 
and animals die when jilaeed in nitro^n*n simply from 
want of oxygen, that is, t ht‘y are suifo(\*ited. 

Nitrogen can lnr made to eomhim* with hydrogen 
to form ammonia, and with hydrogen and oxygen 
to form nitric acid. 

Mvi*i:i{imi:nt ;»8. -Nitric acid ean h(^ easily ob- 
tained hy juit.iing half an ounee of powdered nitre 



into a ri-toi't and pouring on it iialf an ounce of 
snl]»hurii* aeid. 'Flien put a lamp under the retort, 
and a Mask, ke|)t cool in a. basin of wa.t(‘r, to ea.t(‘h 
the aei«l which comes over. St)oii a y<‘liow Ihpiid 
will collect in t he ll.-isk. This is nitri(' acid. It is 
very sour and corrosive ; slTt)ng nitric acid will make 
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yellow stains and wounds if it touches the skin. It 
will turn blue litmus solution red, bec.iuse it is an 
acid ; and if mixed with an alkali, like (^austiit 
potash (wliicli has the power of turning red litmus 
blue) it loses its acid properties. Take a little caus- 
tic potash solution and .add litmus to it, then 
gently pour some nitric acid in ; the blue litmus 
will soon turn red, because the acid neutralizes 
the alkali. If the water be now boiled away in a 
sm.all porcelain basin, a white salt will be left 
which is nitre or saltpetre, raadt^ V)y the chemical 
combination of nitric acid and potash, the sub- 
stance whk^li we originally used to make the nitric 
acid ; .and if after he.ating it strongly you dissolve 
a little of this salt in water, the solution will 
neither turn red litmus blue, nor bhu^ litmus red : 
this shows that the salt is neutral. 


Acids, Alkalis, and Salts. 

From this experiment you learn — • 

1. Tliiit a substance is called an acid when it is 

sour and corrosive, and when it turns blue 
litmus solution red. 

2. That an alkali is a substance which turns red 

litmus solution blue, and has the j^ower of 
neutr.alizing acids. 

3. 'That a salt is the substance formed when an 

acid combines with an alkali and forms a 
neutral body. 
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Here again we see that, unlike substances combiiuj 
chtunically with each other. >Jo two bodies can be 
more unlik(* one anotlier than nitric acid and potash, 
and these two unite to produce the well-known salt- 
petre, totally dihering in its properties from either of 
the two things of which it is made up. 

48. Carbon. — This is a solid element ; we know it 
in the free state as charcoal, coke, or coal. Carbon 
also exists fr(*e as two ollu*r (piite dilVerent sorts of 
l)odi(‘S, viz. ; ih(‘ eoIourh‘ss hard g(‘ni called diamond, 
and the soft body, iis(‘d for making y>encils, called 
blacklead oi- graphite. 1 1 ow can we sliow that three 
siudi dilferent substances as tlu'.'^e are chemically 
the same <dem(‘nl Snpj>os(‘ \v(‘ wt‘i*e to burn a. bit 
of charcoal in oxyg(Mi gas, W(‘ got (carbonic acid gas 
f()nu(‘il ; if we burn a hit of graphite, we also get 
carbonic* acid gas foriiuHl ; and if, insh^ad, mo ta.k(^ a 
bit of diamond and burn it, wo also liml that cai* 
bonic acid gas is foj*riied. this we conclude 

t hat t‘ai‘li of tlu‘S(*, Ihrot^ things —charcoal, graphite, 
and diamond ooniains (rarhon. lint do they contain 
anything else besides carbon ? No, because if we take 
the sarm? weight of each grains of chai’coa.l, 1 1! 
gi’ains of gia[»hit<*, and ll^ grains of diamond— -and 
burn th(*iii sc])Mrat(‘ly, we tind that we get exactly the 
same weight of caihonic acid, viz. 44 grains, in 
each case. So that, altliough thfy look to he such 
very dilVei-ent suh.stances- the precious gem a.nd (com- 
mon coal — yet tlaw are identically the same chemical 
eleimuit, carbon. 



non- M FT A I, S.] 


CniEMISTRV. 


83 


(1‘irboii forms n iiecessfiiy part of all A^ogc^tahles aod 
animals. Tii a piece of wood charcoal you ca,ii see 
the foi*in and textiim of the original wood ; if a- ])iece 
of flesh is cliarred, you soon see the black carbon; if, 
however, the w-ood oi* the flesh is completely burnt, 
then the carbon all disap|>ears as carbonict acdd 
gas, and only a- small quantity of a white ash is 
left. 

Experiment di). - To show that vegetable matter 
contains carbon, take a few ]umj>s of w^hite sugar in a 
glass, and pour on these a little hot water to form a 
thick syrup. Then pour into the syrnj) some stioiig 
sulphuric acid. You will soon see that the syrup gets 
dark coloured, and then froths up, and all the white 
sugar is converted into black charcoal. ^Phis is be- 
cause the sugar contains carbon, which has thus been 
made visible. 

What would be the result, if tliis single element, 
carbon, had not existc^d on the earth? by, then 
no animal or vegetable being could ha ve existed. So 
great a change can the absence of a single (‘lenient 
produce. 

(hi'bon, howevei’, exists combined not only in the 
bodies of plants and animals, but also in the air as 
carbonic acid gas; and from what has been learnt 
(from Experiment D), you Avill understand that this 
carbonic^ acid in the air serv<'s as food for all jilants. 
(^irbon also exists in many roctks as caibonic acid 
in chalk rocks, limestone rocks, and marble. 
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NON-MBTALLIC ELEMENTS. § XVIIT. 

4*J. Chlorine is an element veiy different in its 
properties from any of those we have mentioned. It 
is a yellowish gas, possessing a very strong smell, and 
if breathed acts as a poison. (Jhlorine is not found 
in the free state in nature, ])ut wc can get it from a 
useful compound which contains it -viz. common 
salt. This body, which we use to flavour our food, 
and which gives the saltness to sea water, is made uj) 
of chlorine and the metal sodium, and (‘ominon salt is 
therefore culled chloride of sodium, or sodium 
chloride. 

Exi’EHIMENT 40. We can get chlorine from com- 
mon salt by mixing a little salt with a little pow- 
dered black manganese oxide, putting the mixture 



into a flask, and pouring onto the mixture some sul- 
phuric acid diluted with the same quantity of water. 
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By adapting a bent tube as shown in fig. 32, and by 
sliglitly heating the flask, a lieavy yellow very strongly 
smelling gas is given off, and iiij;.y be (‘ollected in the 
dry bottle. 

This is ihe chlorint^ which was combined with the 
metal sodium in the i-ock salt : care must be taken 
not to bre.atho it, as it cfius(^s coughing and infiam- 
ination of the throat. This gjis combines at once 
witli metals to form chlorides ; if w(^ throw a lit tle 
powdered metallic* antimony into the bottle (contain- 
ing the chlorine gas, see sparks of lire, and a 
white cloud of antimony chloride i.s formed. Tims wo 
learn that substances can burn not only in oxygen, 
but also in chlorine gas, and that heat is givcu) out 
whonevei* chcMiiical combination oc(*ui*s. 

(/hlorine also has a strong bleaching power, and 
it is largely used for taking the colour out of cotton 
and linen cloth. Tliis you can easily ])rove by 
throwing in a bit of wet coloured cotton rag into a, 
bottle of the yellow gas — after a. few minutes' shaking 
the rag will have lost its colour. 

Bleaching powder, which is sold in the shops 
for this purpose, contains chlorine, as you may see by 
taking a little of this white powder at the bottom of a 
bottle, and pouring onto it a little dilute sulphuric 
acid, when yellow chlorine gas will at once be seen 
al»ove the white powder, and this gas will be found 
to ))leach. 

Exceuimknt 41. If we mix a little bleaching 
powder with water, and put a piece of coloured 
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cotton rag into it, the colour will not be discharged ; 
})ut if we then dip the rag into water containing (or 
rendered sour with) a little sulphuric ficid, the dye 
will begin to disappeai* ; and if we repeat this once 
or twice, the rag will become white. This is the plan 
used by bleacliers. The acid in the “ souring ” sets 
free the clilorine from the bleaching liquor, and this 
takes away the colour by destroying it. 

50. Sulphur, or brimstone, is a yellow solid ele- 
ment ; we know it in fine yellow powder, flour of 
sulphur, and in sticks or rolls. If W(^ heat a little 
bit of sulphur in a spoon over a flame, it first melts, 
then boils, and then takes Are and burns away 
entirely, giving oil’ a ])ale bliui flanui having the well- 
known smell of burning sulphur. 

In tliis burning it is uniting with thcj oxygen of 
th(^ air to form an oxide of sulphur, which is a colour- 
l(\ss gas. Sulpliur is used for putting on the ends 
of lucifer matches, b(*cause it easily takes fire and 
lights the wood. It is also used for making gun- 
powder, wliich is a mixture of sulphur, charcoal, and 
ni1]*e. 

Free sulphur is found in tlu^ earth in volcanic dis- 
tricts, and comes chiefly from tlie island of Siia’ly. 
Sulphur is found also in combination chiefly with 
metals, forming sulphides of the metals. These 
sulphides are generally the ores of tlio metals, that 
is, the substances from which tlie metals are obtained. 
Thns the ore of lead, a mineral called galena, is 



NON-METALS.] 


CHEMTSTKY. 


87 


sulpliido of lead. Sulphur also conihiues with oxygon 
and hydrogen to form sulphuric acid, a vt^ry im- 
portant cliomical compound. 'J'his acid is a JuMvy 
oily licpiid,and is commonly called oil of vitriol, and 
it is made in enormous (quantities (many thousand 
tons every week), and used for a gr(?at ninnbm* of 
processes — for inaking alkali, for soaq) making, and 
dyeing, and (Calico printing and hleaciiing, and for the 
preq)aration of almost every otlau* acid. Snlphnricr 
acid unites w ith metals to form sulphates - thus we 
have sodium sulphate, or (llauber salts ; iron 
sulphate, or green vitriol ; copper sulphate, or 
blue vitriol ; and many others. 


51. Phosphorus is an element wdiich does not 
occur in the free state in nature, but is contained in 
the bones of animals in combinalion with oxyg(‘n, 
and the metal calcium forming calcium phosphate. 
When a bone is burnt, a white qK)rous mass is l(‘ft 
called bone-ash, and from this phosqdiorus can be 
pi‘epai*ed. 

Phosphorus, like carbon, exists in two different 
forms : one is knowm as yellow or common qdiospho- 
rus ; the other as red phosphorus. 1^'heee two sorts 
of phosphorus differ very much in their properties. 

Expkrimetsit 42. — Take a small iron tray, placed 
on a triqjod, and cai'cfully cut off a bit of yellow q)lios- 
pliorus as large as a quarter of a pea ; this must be 
done under water, as the phosphorus is a very inllam- 
mable and dangerous substance, because it takes lire 
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of itself in tlie .'ur, and ]»ro(luces serious burns if it 
takes ihv Avliilsl in tin* fin^,^ers. Tlien ciniekly dry 
tli(^ lat nf |)la)s|)h<uns on a. elnib or blotiiiii'-paper, 
and put Hie iliiod liit with a. jiair of ton^^s or a kiiife- 
hlade onto the iron tray. Next take a hit of red 
phosphorus (or tJie powder) of 
the same size, and put it also on 
the iron tray. You will see that 
/ yi \ th(? retl j>hos[>horus is not ke}>t, 

/ lllJ^ lik(i the yellow, under water. 

The reason of this you will 
- soon understand. Now put 

Ki- the Hauie of a lamp under 

the tray ; — in a few instants 
the yellow phos])honis (A, iig. 3»1) will take fire and 
hum Avilh a bright llanu^, and give off dense Avhite 
fum(‘s. Th(* bit of r<^d phosphorus (u/), however, does 
not tak<^ lire, and Ave have to eont-inue the heat for 
some l iiiir before this red substanee CJitehes fire : this 


it does hoAveviT, at length, and then burns exactly 
like the yelloAv jdiosphorus. '^Fhus av(* see that yelloAV 
]»hos])horiis is very intlammable, and must l)e kept 
und(*r Av.ater to ]»ri*ventit taking fire Avith tlie oxygen 
of l.ht^ ail-, whilst the ri^l variety does not burn at all 
easily, and can tbiTefore. I)e kept in tlie air. 

K.xrEiiiMENT 4,*}. Yellow jdiospJiorus takes fire by 
l uhbing it. Takt^ .-inotlier very small bit, and wrap 
it in a ])ii*(*e of blotting-pa.p(U' ; then rub it Avitli your 
hoot on the flov)!-, or with a hammer on a piece of 
AAood. Yt»ii Avill s<H* that the rubbing causes the 
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phosphorus to take tire and burn. Tliis is the reason 
that common lucifer matches light when they a,ie 
i*iihbed. The brown or red tip of the match contains 
phosjdiorus ; when you rub or st rike the matcli on 
a rough surface, the varnish wliicli covers the phos- 
phorus paste is scratclu^d off, and tlie pliospliorus 
takes tire and the match l)ui‘ns. 

Safety lucifer matches are now madt^, which 
liglft only on tlie box. JIow is this? A little 
thought and examination will soon teach us. Take 
one of tluise safety matches, and try to light it 
on the sandpaper outside a common match-box, it 
will not light ; hut i‘u}> it on the brown or reddish-brown 
))a])(u* on the outside, of the safety match-box, and it 
takes firt^ at once. Tin* i^xpla, nation is easy : the tip 
of tlie saf(‘ty ma,l(;h (‘ontains no j)hosphoj*us, but only 
SOUK! sulistance which will easily causi^ ]>hosphonis 
to burn, and therefon? il cannot light- hy rubbing on 
any rough surfact' ; the jiaper on tin* box is coveri'd 
with some pfiwderexl red (or non-inflammable) phos- 
phorus ; wliiui yim strike the safety match on this 
red pajier, a little of the red phosphorus sticks 
to the end, and then takes tire witli the mixture 
on the tip. 

52. Silicon is an element which (like phosphorus) 
we do not meet -witli in the free state in iiatuie, 
although it is contained in enormous quantities in 
combination with oxygen. Silicon oxide, oi‘ silica, 
is known as quartz or rook crystal, and it is found 
in almost all I’ocks. Sand, sandstone, and llinl., aie 
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also more or less pun^ siliea. Siliea forms, with, 
metals, comjMMimls calh'd silicates. Clay is a 
sili(^ate, so tliei’efoj’e are hriehs, 2>ottery, ami china, 
which ar(^ ma,(le from clay. Glass is also a. silicate ; 
it is ma(l(^ by heating together in a, hot tire or fiirna.ce 
a Jiiixturt* of A\ hite sand (silica), line*, and soda,, or of 
sand, oxide of lead, and potash. 

Th(^ lirsi^ mixture forms wliat w(^ know as plate- 
glass or window-glass ; the second produces flint- 
glass. Silicon itself is a black <rjystalline substaiH;e, 
and is got by taking away the oxygcui from silica. 

All tlu^ ro(‘ks and stones of whicrh the solid earth 
is mad(^ contain either silicon oi* some metallic 
ehanents, or both combined with oxygen. So you 
SCI* that tlu^ earth is made up of burnt or oxidized 
substances. Now lei. us learn a little about the 

I 

chief Jiietals udiich the earth contains. 


METALS, XIX. 

Dil. Iron. — We may well l)egiu an account of the 
more import, ant metals Avith iron, iKJcause of all of 
tlicm iron is the most useful to man. "Without iron Ave 
should almost bi'^ saA^ages ; we could have Jio i-aih-oads 
or (Uigincs oj* machines ; no ga.s-pij>cs or Avater-pipes, no 
steel tools or kniv(>s. Then^ awis once :i. time when m(‘n 
had no ii’(»n, bec.aiise this most useful substance is not 
found as a metal, but as an eai'thy ore, fi’om which 
the metal can only be got Avith diiiicully. In those 
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old daysmen uscmI tools made of bronze oi' copper, 
and ill still earlier times they oidy used stone hatchets 
and knives. One most ns(d*ul <»ro of iron is red iron 
oxide, called haematite ir(ui (»re. IJy heatin^^ this 
with charcoal the oxygen is got i‘id of, and the metal 
iron remains, and tliis can he haniiner<‘d into 
bar-iron, from wiiich we can make horseshoes or 
spades ; and it can he flattened hy rolling into flat 
plates for making shij>s or hoilers. Tliis is called 
wrought-iron, hecanso it can he hammered and 
wrought, or made, when it is ivd-hot, inl.o anything 
which is wanted. This is the kind of iron which wt* 
see the l)lacksmith uses to make nails, or horseshot^s, 
or the tyres of wheels ; and it is very useful, because 
when hot it can he welded, that is, two j>ieces of hot 
iron when hammered together stick lirmly together 
so that they cannot he sej)arated. But there is 
another kind of iron also very useful ; this is called 
cast-iron, because it can he meltcnl, and poured when 
nudted into moulds, and c^istiiigs then got. (^ast-iron 
is us(;d for making gas and watei’ ]>il>es, for lamp-posts 
and railings, and large wdieels, and the heavy stands 
for machines, and a great number of othei- things. 
( ^ist-iron is made from iron ore, and coal, and lime- 
stone, hy putting these into laigt^ high furnaces, 
called blast farnaces, because the air is blown in 
to burn the coal and melt the iron hy a pow'CM*ful 
blast. 

(Jast-iron cannot he hammered when hot, like 
wrought-iron, into bars or rolled into ])lates ; it is 
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brittle, or breaks, like glass, into pieces iiiidtT the 
hammer. Cast-iron is not pure iron, but contains 
carbon, Ax liicli it. gct.s fi*oin the coal ; we can bui'ii 
the carbon away (by a pi*ocess (tailed puddling), and 
we thus (*an get wrought-ii*on from cast-iron. A tliird 
kind «>f iron is called steel; this is usetl for making 
razors, kni\(‘S, and tools, because it is both hard and 
tough, and ca.n be ground so as to liave a sha,i*p edge. 
Ste(d also conl-ains a little carbon, and can be made 
either from wi-ouglit or from cast iron. 

If we burn iron in the air (Experiment 31) or in 
oxygen, we get oxuh^ of iron. Th(^ same thing is 
formed when any piece of bright iron is left exposed 
t.o air and wet ; it h(?comes rusty, and at last will 
all cliaiig(‘t<> rust. Iron-mould on linen is also oxide 
<»f iron, or rust. 

MxrKitiMKNT 44. — If you pour a little dilute sub 
j)huric acid on a. few irmi-filings in a. te.st-tube, gas 



will at first be .slowly given off ; if the test-tube be 
W'armed, the gas will escape moie quickly, and it may 
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be lighted at tlie inoiitli of tlie glass. This gas is 
liydrogeii ; the iron dissolv(is in the acid, forming a 
salt, called sulphate of iron or grcjen vitriol, and the 
hydrogen of the sidj»huri(; acid is given olT. if you 
till the test-tube with water, and then filter the liquor 
through a pa})er liltiu*, you will g(‘t a la^arly cohmrless 
solution ; and if this be evaporated or boiled down 
(tig. M5), ei*ystals (»f green vitriol will be foriued on 
cooling. 



Fig. H.'i. 

We can tell that iron is pi’esent if we add a little 
of this solution mixed with a few drops of nitric acid 
to a ])int of Avater, by pouring in a few drops of the 
bottle lab(‘lled “Potassium Ferro-cyanide,” or yellow 
prussiate of ])otash, Avhen a dark blue colour (or 
Prussian })liui) will be formed. 


54. Aliiniiniuni. — We take this metal next bo 
caiise it is the metal got from clay, and is, therefore, 
contained in large <piantities in many I’ocks. No one 
would suppose that a bright, silver- w hite met.al (;aii be 
got out of common clay, a.nd yet chemists can do so. 
It is a pity that it is not easy to get rid of the oxygen 
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in tlie crlay, for ilieii wo might use the lu’iglit uu‘tal 
aluminium for veiy many purposes. It costs too 
mucli to make t.he iiu'tnh although clay is so clieap 
ami common. When this bright metal is strongly 
}i(!at<.*d in the air, it hums ami forms an oxidt^ called 
alumina, the i‘avtli of (‘lay. 

Tht^ white; cr \ stals of alum contain this metal. 


55. Calcium t(^o is a- metal u hich is very diflicult 
to get in the pure state, altliougdi its (compounds are 
\ery common. (,)uicklime is calcium oxide* ; chalk 
ami miirhle and limestone and coral are all calcium 
cavl)onate ; gypsum is calcium sulplnite ; and bom* 
earth is calcium phos])hate. So you S(‘(; that then* is 
plenty of this metal in the (*arth. 

Exi'KKImknt 15. in making carhonic acid from 
chalk and hydrochloric acid ( hiXjM*riment the 

licpiiil remaining in tin; hott le is a solution of (jahuum 
chloride. If you lilt(*r the li(|uid and boil down the 
ch^ar solution to drym;.ss, you will tind a white diy 
jK)wder l(*ft. This is a salt called calcium chloride. 
Wt* used it in hkxpiu’iment 20, for drying the hydrogen 
and collecting the watt*r, as it takes uj) moisture with 
great ease. iA*t a little of the dry powder remain 
exposed to the air for a few hours ; you will then 
find that it has become litjuid, because it has 
absorbed, or taken up, the moisture which is always 
present in the air. 

if you add some of the clear solution labelhid 
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“ Sodium Carbonate,” to a little bit of the dry powder 
01 calcium chloride, which you have dissolved in some 
water in a test-tube, you will see tliat th(‘, tw’o cl(‘ar 
liquids at once become milky or turbid. This is 
because calcium cai’bonate, or chalk, is produced, and 
this chalk is insoluble, or does not dissolve in w\ater 
as the calcium chloride does, and it is therefore 
thrown down, or precipitated. This represents w^hat 
happens : 

VV^e take — 

Cali’iimi cldoritli*. } ^ i \ Sodnun cjii'ljoiiaU*. 

wnlcr) j ‘ ( (soluhlt^ in wjiUt) ; 

and we get, on mi-\'ing the solutions — 

(.'Hltiiuinnidunuitr, onbsdk ) \ Sodium or fCTinrion 

(iiisoluhli* ill wjitn) \ ( salt isohd>lo in water). 

This sliows you that some salts of the same metal 
may be not soluble in water (like clialk ), whilst others 
(like calcium chlorid(j) readily dissoh e iit water. But 
you must take care not to fancy that any substance is 
afterwards present wliich was not there befoie ; w(‘ 
h.‘iv(‘ hei*e to do only with a difference of arrange- 
ment. An exchaiigt^ takes place by winch the chalk 
is formed, but tJie materials of the chalk v ere pr(‘sent 
in the original substances. 


50. Magnesium is a soft, .silv(‘r-while metal, 
which can be ma»h* into wire and rild)on. 

Mxckkimknt 40. If you hold the end of a bit of 
iiiagnesium ribbon about six or eight inches long in 
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the flame, the metal will take ami burn with a 
dazzling white light, and a white powder will fall on 
the ground. This white powder is magnesia, the 
oxide of tlie metal. Black as well as white fumes 
will be seen whilst the magnesium is burning. The 
black fume is not soot, for there is no carbon prescmt ; 
it consists of some of the metal, which is not bin*nt 
but is sent oil* as a cloud having a. black colour ; tin* 
white fume is the solid oxide magnesia, going oil* in 
line dust. 

Expeuiment 17. — If you collect some of this whit e 
powder and warm it in a test-tulx^ wit h a few drops 
of sulphuric acid, the white powder will dissolve ; 
then pour the clear solution into a porcelain hasin, 
and boil off tJu^ greater part of the water. On 
rooliii^, .s(M]i(* long ncedh* shaped crystals will he 
found in the basin. These crystals are. magnesium 
sulphate, or Epsom salts ; a compound of mag- 
nesia and s\ilplmi-ic acid. 

Tliere are many other eompouncls of magnesium, 
some of which are found in minerals and rocks. The, 
metal is never found uncomliined, and thxj process for 
making it from magnesia is rather a costly one ; still 
it is now used for burning, and foi* making lireworks 
and signals, where a very bright light is needed. Tt 
keeps bright in dry air, and might be used for many 
purposes if it could be got cheaply. 
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MBTALS. § XX. 

;>7. Sodium is the metal wliicli we used (Experi- 
ment 1.-]) for getting hydrogen from water. It is 
very unlike any metal which we see used in the arts ; 
not only cannot we keep sodium in the air, because it 
at once oxidizes and forms a Avhite powder, but we 
must not allow water to come near it, as it at outre 
will (rombine with tlie oxygen of the water, and set 
free the hydrogen ; but the metal must be kept 
under rock-oil, wliieh contains no oxygen. We 
Jiave seen (Experiment 13) that a bit of this curious 
metal, thrown onto water, vswims on the surface, 
and hydrogen is given olT ; if the water has been 
turned red witli a little red acid litmus, the colour 
will change to blue after the sodium has disappeared. 
This is becrause the alkali soda has been produced. 

Experiment 18. Sodium is a very useful iiietMl 
to th(* chemist, for he can by using it get the two 
preceding metals, magnesium and aluminium. Sodium, 
as you may be sur(*, does not occur in thtrfree state in 
nature; it is made l)y taking away the oxygen from 
soda (the oxide of sodium). Jf you heat a small bit 
of sodium in a sjX)on over tin', llame of the lamp, it 
will first iiK'lt, and then take tire and burn with a 
bright yellow-(roloured llame ; wlute fumes of the 
.oxide (soda) will be given oiT. 

Sodium is the met al of the soda salts, a great many 
of vrhich are very useful and common substances. 
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The following is a list of a few of the most impor 
tant : — 


Common Namt. 

Sea, table, or rock-salt, 
(ilaubcr salts. 
Washing-Koda (Tystals. 
Chili saltpetre. 


Chemical Name» 

Sodium chloride. 
Sodium sulphate. 
Sodium carbonate. 
Sodium nitrate. 


What it eontaint. 

Sodium and chlorine. 
Sodium and sulph. acid. 
Sodium and carb. acid. 
Sodium and nitric acid. 


Of these rock-saJt is found in largest quantity : it 
is got from mines, in Cheshire and elsewhere, and 
many hundreds of thousands of tons are used every 
year. It can also be got fi-om sea-water by evapor- 
ation. Fi-om it all the other sotlium salts can be got. 
Thus, if you want to get sodium sulphate or Glauber 
salts, you have only to pour sulphuric acid onto 
common salt ; a dense fume of hydrochloric acid 
gas comes off', and sodium sulphate is left. What here 
happens is this ; 

H't; take 

Sodiiiiu chloride (common .salt) and sulphuric acid, 

JVe (jet 

Sodium suli)liate (Glauber salts) and hydrochloric acid gas. 

You may easily show that the fumes are strongly 
acid, by liolding a little bit of wet blue litmus 
paper in the mid.st of tlu^ fume, when it will at 
once ffo red. 


58. Potassium is the metal contained in the alkali 
potash, and in tli(? })otash salts. A small bit of 
potassium, as large as half a pea, thrown onto water, 
combines so violently with the oxygen, that the 
hydrogen at once catches fire and burns, the flame 
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being eoloured violet by the alkali potash which is 
formed. 

Potash salts are found in many places in the earth, 
and also in the ashes of plants ; and tliis alkali 
derives its name because it can be got by lK)iling 
out wood ashes in pots. There ai-e many useful 
potash salts : soda and potash are called the alkalis. 

Common Name. | Chemical Name. What it contains. 

Potashes. I Potiissiiiiu carbonate. PotasKiuni and carbonic ueid. 

Nitre or saltpetre, 1 I’otassiuin nitrate. Potussiiini and nitric acid. 
Chlorate of potash { Potiissium chlorate. | PotasKiuin, chlorine, ii oxygen. 

Experiment 49. — Soap is made by boiling animal 
or vegetable oils or fats with alkali. Soaps contain- 
ing soda are hard soaps ; j)otash gives soft soaps. 
Common fat is boiled with alkali, and thus soap is 
got. You can easily make soap by jxiuring lialf an 
ounce of castor-oil into a thin porcelain basin with 
some hot water, and adding some (caustic soda ; then 
on boiling the Ikpior the oil will all disappear, and 
soap wdll be foriiu?d w'hich dissolves in the watei*. 
When it has boiled for a little, thrown in a handful 
of common salt ; this will dissolve in tlie watei-, and 
will drive out the soap, which will SAviiii on the sur- 
face. When cool, this soap will become a white, 
hard solid, and may be us(h1 for washing your hands. 
Common oils or fats are gem*rally used ; we liavt^ 
taken castor-oil, because it is made into soap more 
easily than ordinary fats. 

We next have to speak of several metals which 
are useful substances, some more valuable than others, 
but all used for a variety of purposes. 

D 
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Copper i'' .1 I'fultH'ili riilimn;! iiirtni usod foi 

uuiking kruK's, ainl jta!j>. luid Ixulrrs : coplK*!- wiiv 
is VOW llS(‘iiil. in'causc it is soli aiai 

tallu* i*opl>or is souiftinics met with in nature; it is 
tlien called native copper; it is, howevei-, nKuv 
(‘ominonlv get iVoin copper ores, of uliieli tln*re 
are several kinds. The most- important ore of coj)pei' 
is the com]>ound of (‘o})per and sulphur wliich \ m * 
made in Expeiiment 5. By taking away the sulphur 
the }uirc‘ metal copper can he got. 

(.'opper is mu(‘h used to mix witli other metals, and 
yields us(‘ful alloys oi- mixtures of metal, such as 
brass and bronze. When copper is heattul in th(» 
air, it tarnishes, and then becomes (covered with 
a black coating of oxide ; and if the heating be con- 
tinued, all the co})per combines with the oxygen of 
the air, and we get copper scales or blac-k oxide of 
copper, Avhich we used in Ex]HU’iment Id). 

Expkkimknt 50. — If you take one or two copper 
turnings in a test-tube, and pour onto them a, few 
dro[)s of nitric* acid, dense brownislered fumes will 
be given olT from the nitric acid, and a blue solu- 
tion of copper nitrate will be formed. Tlu^ 
copper lias combined with nitric acid. One drop 
of this blue? solution, poured into a test-tube full 
of water, will still give a blue colour when we add 
ammonia, and thus we can easily test for the salts 
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of copper. Bluestone (Experiment 32), or copper 
sulphate, is a compound of copper and sulphuric 
atdd. You may try the ammonia test with a drop 
01 * two of a solution of this substance, and show 
that it gives the same deeji-blue colour as the copper 
nitrate did. 

60. Zinc is a useful white metal. It is used for 
co^'ering ii‘on plate, which is then said to be galva- 
nized iron. This (^oveiing of zinc jaevents tlie iron 
from rusting in damp air. The chief ore of the metal 
is zinc sulphide, a compound of zinc and sulphur, 
called Blende. Zinc is also used to mix with other 
metals to form useful alloys ; thus brass is an alloy of 
zinc and co})per, and it is, therefore, not a sim[)le or 
elementary body. 

Experiment 51. — If we dissolve zinc in dilute 
sulphuric aci<l (Expei'iment 15),. w e get hydrogen 
gas given off and zinc sulphate left. \jvX us ffltt?r 
some of tlie liquid got in making Jiydrogen, and then 
evaporate it down. On allowing it to cool, white 
crystals of zinc sulphate will be formed. Zinc will 
burn w hen thin turnings are strongly heated in the 
air, and a white pow'der of zinc oxide is formed ; 
in this resj»ect zinc resembles magnesium 


61. Tin is a bright white metal much used for 
“ [>lating ” iron. Cvommon tin-plate is really iron-plate, 
which is covered Avith tin by dipping the iron into 
melted tin. The coating of tin preserves the ii*on 
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from rust. Tin is also used for making several useful 
alloys, such as pewter, Eritaniiia met«al, plumber's 
solder. Tlie most important ore of tin is an oxide 
of tin, known as Tin Stone, and is found in 
CVirnwall. Metallic tin is got from this by heating 
it with charcoal, which takes away tlie oxygen, and 
the pure metal melts and can 1)0 drawn oiT. 



-JO. 


Experiment 52. — Take a little powdered oxide of 
tin, and mix with it about the same quantity of car- 
Ixinate of soda, and then put this mixture in a hole 
made in a liit of charcoal. [Now heat this wdth the 
flame of a blow-pipe, got by blowing into a luminous 
gas-flamcj, made by stopping up the holes at the bottom 
of the Bunsen burner, as shown in the figure. Soon 
tJie mixture will melt, and after heating for some 
time you then cut that part of the chai*coal out with 
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a knife, and rub the whole to fine powder in a mortar. 
Next wash away all the light particles of cliarcjoal 
with water, and yon will find some heavy bright 
round grains or globules of wdiite metallit? tin i*e- 
maining at the bottom. In this experiment the 
oxygen of the tin oxide has united with the carbon 
of the cliarcoal to form carbonic oxide gas, whicli 
goes off, and the metal tin remains behind and melts 
with the heat. 


62. Lead is a heavy metal wdth a bluish colour : 
it can be easily melted and cut, and does not rust or 
oxidize in the air ; so that it is very useful for making 
pipes for gas and water, and for rolling into sheets for 
covering the roofs and gutters of houses. It is also 
used for making shot and bullets, betuiiise it can be 
easily melted and cast. Le«ad oi‘e is found in Wales ; 
it is called Galena, and is lead sulphide. The pi*o- 
cess for getting the metals fi’oiii the ores is called 
smelting ; and the branch of science which has to 
do with the getting of metals is called metallurgy. 

There are several very useful compoun<ls of lead. 


Common Name. 

Wliite lead, 
lied load. 
Litharge. 

Sugar of lead. 
Chroiuc yellow. 


j Chemical Name. 

Lead (^arljoiiate, 
UjmI li-ad 

Yellow lead oxide. 
Lead a<*etate. 

Ijf^ad chromate. 


I What it contaim. 

! Load and oarbouic a(dd. 
i L<‘u«l and oxygen, 
j Load and oxygen. 

Load and aoetic acid. 

I Jjoad and chromic acid. 


White-lead, led-lejid, and chiomc'-yellow are used as 
paints. You must l emember that Idack-lead is the 
common name for graphite, and that it contains no 
lead whatever ; it is pure carbon. 
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Experiment 53. — Add a little seliition of potas- 
sium (rlii omate to a glass filled with water, to which 
you have added some lead acetate solution. A 
splendid yellow precipitate of lead chromate, or 
chrome yellow^, will be produced. This is what 
hapjieiis ; — 


Before Mixing. 


After Mixing. 


I’niassiian au^l lead ace- 

tat<i (both soluble salts) 


1 


I'Chrou'ab*. of lead (insoluble yellow 
j;ive \ i>ow(ler) and potassium aci'tate. 
i (soluble). 


f)3. Mercury or quicksilver is the only simple 
metal liquid at the ordinai*y tempera tin e, and it is very 
^'aluable for this l eason, esfKJcially for making thermo- 
meters (instruments for measuring heat) and baro- 
meters (instruments for measuring tlu^ pressure of 
the air), about wdiich you w ill learn in the Physics 
Primer, and for silvering mirrors. Mercury does not 
tarnish in the air, but it oxidizes w hen lieated, foiiii- 
ing red oxide of mercury, from which the oxygen 
can be <lriv(!n oft again by heating it more strongly 
(KxperiiiHMit 30). MiMCury c‘a.n be boiled, and, like 
water, it may l>c <lisf billed. Like many other metals, 
mercury and its conqionnds are very poisonous, but 
taken in small quantities soim^ of them are used as 
medicim^s. 

04. Silver is a highly pi-ized and valuable metal. 
It is found in Mexico, Peru, and olsewhei*e. The 
property which makes silver so useful is t}iat it never 
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tarnishes from oxidation, but it goes black when 
brought near sulphur, as a black sulphide is formed. 
Silver has been used since the earliest times for making 
valuable and beautiful articles, and especially as an 
article of exchange as silver coin. English silver 
coin contains a little copper, added for the purpose of 
hardening the silver. 

Experiment 54. — ^^Let us see if we can find both 
copper and silver in a sixpence, (hit a piece of a 
sixpence, put it into a test-tube, and pour on it some 
nitric acid. Soon dense red fumes will comt? off from 
the nitric acid, and on warming gently the whole of 
the silver will be quickly dissolved. We have seen 
(Experiment 22) that silver can be used to detect the 
presence of sodium chloride, or c^ommon salt. Now 
add some solution of common salt to the solution of 
silver in nitric acid ; a dense white precipitate 
of insoluble silver chloride will he thrown down. 
What happens is this : — 

We take We get 

Silver nitrate ami Hodiuni chloride Silver chloride (a Avhilc curdy pow- 

(both soluble saHs), der insoluble in water) and sodium 

nitrate (soluble, in water). 

Now filter through paper. The clear solution has a 
bluish-green colour, and contains the whole of the 
copper. Put a bit of bright iron into the li(]uid, and 
a red deposit of metallic copper will soon be seen on 
the iron. 

65. Crold is a still more valuable metal than silver. 
Tt has a beautiful yellow (colour, and is found always 
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as metallic gold. Lately much gold has been got 
from California and Australia. Gold is one of the 
heaviest metals we know of, and it can be drawn out 
into very thin wire and beaten out into very thin 
plates called gold leaf, which is much used for 
gilding. Pure gold is tcx) soft to make coins of, so 
in England a little copper is added to the gold to 
make sovereigns, which has the effect of hardening 
the metal. 

Exi*krimknt 55.— Gold d<)es not dissolve in any 
one acid. Take a leaf of gold and divide it into 
t wo ])ieces ; put one piece into one test-tube and one 
into another ; pour upon one a little nitric acid, and 
onto the other little hydrochloric acid. The gold in 
neither glass will dissolve; now pour the two together 
and the metal rapidly disa[)pears, showing that 
although neither acid by itself can dissolve gold, a 
mixture of both can do so. Gold never tarnishes in 
t.he air or gets stained with sulphur, like silver, so 
t hat is has been much used for ornaments as well as 
for c(jin from the eai-liest times. 


RESULTS. XXTT. 

66. Combination in definite proportions. — It 
will be useful to (consider some of the most important 
results to which the study of lire, air, water, and 
earth has led us. You have now a distinct idea of 
some of t 1 h‘ diff ei ent kinds of matter of which the 
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world is made up. You have learnt that all the 
various things — whether solid, liquid, or gaseous; 
whether animal, vegetable, or mineral — are composed 
of one or more of sixty-seven elementary or simple 
substances. No one of these can be converted into 
any other one, nor has any one of these ever been 
split up into two different new things. 

You have also learnt that these elements unite 
together to form compound bodies wliicli differ alto- 
gether in propei-ties from the originfil (dements, but 
from which these original elements (;an again be 
obtained in various ways. You have learnt that the 
weight of the compound is always exactly the sum 
of the weights of the elements, and that in all tlie 
chemical changes whudi take place, no loss of weight 
ever (K^curs. We cannot either trieato or destroy 
matter. 

The use of the balance for weighing bodices and for 
determining the (!ompositioii of chemictal substances 
has also been made clear to you. Cljemists have to 
weigh everything they wish to examine, and thus to 
find out — as we did in the case of water in Experi- 
ment 20 — what weight of each element is c.ontained 
in the comjKnind. 

We found that — 

Sixteen parts by weight of oxygen . Id 

and Two parts by weight of hydrogen . . 2 

make up eighteen parts by weight of water . 18 
and T told you that water always contains its 



rlnne^nts in tlwso Uwd jtrnjuniums. Tbo flanietliiii(» 
is true for Jill other elieinic.il eoinj»onn<Is they all 
contain their elements in fixed jn-oporiions. 'fJins, 
for instance, chemists have found, hy earefnJ W(*iglj- 
that tlie rtul oxide of mercury, which we used in 
Experiment .‘U), always contains 

Oxygen . . IG }>tirts by weight, 

and Mercury . . 200 ,, ,, 


making Oxide of mercury 21 G „ ,, 

So if I want, to get 1 G lbs. of oxygen, 1 must take 
at least 21 G ll)s. of the red powdei*, and if 1 do not lose 
any by aeeldent, 1 shall get exactly the quantity of 
oxygen I want. And you will understand that by a 
simple proportion 1 can calculate the weight of the 
red oxide which T must take to get any other weight 
of oxygen. 

This great fact of tlie constancy of chemical 
combination rims through all the changes we have 
noticed. If we want to get all the nitriir acid we can 
from the locist weight of nitre and sulphuric acid (Ex- 
periment 38), we must take 98 parts of sulphuric, acid 
and 101 parts of nitns and we shall always get (>3 
])arts of nitric acid. Ami if 1 I)urn 24 parts of 
magnesium wir(> (Expei-iineiit 4G), T sliall always get 
exactly 10 j)arts of magnesia, jwovided T lose non(\ 
Tims you learn that all the elements eombine with 
each other in fixed proportions by weight, and the 
numbers representing these proportions are (;alled tlie 
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67. Combining weights of the elements. 

Here is a list of some of the more important 
elements — 


Non-Metallie Elementn. 

Metallic Elementt. 


Oxygen 

O 

= 16 

Iron . . 

Fe = 

66 

Hydrogen . 

H 

- 1 

Aluminum 

A1 = 

27 

Nitrogen . 

N 

= 14 

Calcium . 

Ca - 

40 

Carbon . . 

C 

12 

Magnesium Mg 

24 

Chlorine 

Cl 

= 35 

Sodium . 

Na - 

23 

Sulphur 

s 

32 

Potassium 

K - 

30 

Phosphorus 

p 

- 31 

Copper 

Cu - 

63 

Silicon . . 

Si 

= 28 

Zinc . . 

Zn = 

66 




Tin . . . 

Sn - 

118 




Lead . . 

Pb - 

207 


Mercury . Hg = 200 
Silver. . Ag - 108 
Gold . . Au - 197 

with their combining weights nml tlieir symbols 
attaelicd to them. I’he letter jilaced jiftei' the name 
of (?aeh element is tlie symbol or slioit way of writing 
tlu^ nsime ; tlnis, instead of writing the word j»hos- 
phorus, I may writ<^ tla^ letti‘r P. For tbese symbols, 
the first h*tti‘rs of the words are generally taki*n ; but 
in soim^ eases the* Jiatin and not tlie English word is 
used ; thus Fe stands for iron, from the Latin ferrum, 
Ag for silviM*, fi-om the Liitin argentum. The 
numbm-s jihieeil after the .symbol of (*aeh element 
represents tla‘ fixed proportion, by weight, in 
which that element eomlnnes with otlu‘rs. Each of 
these numbers has been found by experiment, that is, 
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})y tho analysis of the eomponnds which that one 
element forms wdth othei-s. Thus we find, when we 
ajialyse tlie red oxide of incTciiry, that it contains 16 
j)arts })y A^ eight of oxygc^n to 200 parts by weiglit of 
mercury, to form 216 parts by Aveight of the oxide; 
or wlieii we lieat sill] )lnir and co]>per together (Exj»eri- 
meiit 5) until they (combine, aa^^ find that exactly 6»-l 
})a,i*ts by AV(iight of copper unite with 32 paj*ts by 
w(^ight of sulphur to form 95 parts by weiglit of 
co])per sulj)hide ; and if more than this quantity of 
one of these eh^ments had l>een taken, it remains 
uncombined. Noav the same weight of oxygen (16 
parts) unites Avith oi.her metals to form oxides, and 
the weight of metal with Avhich it unites is eitlier the 
(•om])ining Aveight of the metal, or some weight 
lie-aring a dose, relation to th(^ combining Aveight. 
'.riius 16 ])arts by Aveighl of oxygen unite with 56 
]»arl.s by Avtdght of iron to foi*m an oxide of iron ; 
with 40 ])arts of calcium to form an oxide of calcium, 
called common lime ; Avith 65 of zinc, 118 of tin, 
207 of lead, to form oxides of these* metals. 

Our chemical short-haiul means, hoAAX^A’er, more 
than 1 liaA'c yet told you. If 1 write the symbol O, 
or ilie, symbol Hg, 1 signify tlnu’eby not any weight 
of oxygen oi* of mei*cury, but exat^tly the combining 
weights of tlH‘S(* tAvo eh^ments. O means 16 part<s by 
Aveight. of oxygen, and no other Aveight ; Hg mean.s 
200 ]«irts by Aveight. of mercuiy, and no other Aveight ; 
and therefore T haAn AA^itten 0—16 and llg=200 
in tlie table. 
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Now supposing I want to write the chemical symbol 
for a compound, 1 have only to put the symbols of the 
elements it contains alongside of one another. Thus 
HgO signifies oxide of mercury ; and this symbol not 
only tells me that the compound contains oxygen and 
mercury, but it tells me how much oxygen and how 
much mei (;ury the body contains, because I remem- 
ber that O means 16, and Hg means 200 ; so that 
the chemical symbol, or formula, is most useful as 
expressing not only the qualitative composition (or 
what the body contains), but also the quantitative 
composition (or how much of each thing tlie body 
contains). Thus, again, (JaO means (calcium oxide, 
or lime, and exactly 40 and 16, or 56 parts by weight 
of lime ; ZnO means zinc oxide, but 65 and 16, or 
81 parts by weight ; whilst ll.jO signifies water, being 
twice H, or two parts by weight of hydrogen coiii- 
bined with 16 parts by weight of oxygiMi to form 18 
parts by w eight of w ater. 

68. Some of the elements combine together in 
different fixed proportions, forming several compounds. 
Thus Tiitrogen and oxygen unite to form live dilferent 
compounds, as follows : — 

The first compound, called nitrogen mon-oxide, 
contaiiis 28 parts by weight of nitrogen, to 16 parts 
by weight of oxygen. 

The second compound, (tailed nitrogen di-oxide, 
contains 28 parts by weiglit of nitrogen, to twice 16, 
or 32 parts, by weight of oxygen. 

The third compound, called nitrogen iri-oxide, 
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contains 28 parts by weiglit of nitrogen, to three 
times 16, or 48 parts, by weight of oxygen. 

The fourth compound, called nitrogen tetroxide, 
contains 28 pjirts ])y weight of nitrogen, to four times 
16, or 64 parts, by weight of oxygen. 

The fifth and last compound, called nitrogen pent- 
oxide, contains 28 parts by w^eigbt of nitrogen, to five 
times 16, or 80 parts, by weight of oxygen. 

Now renieinbering that N means 14, and that O 
means 16, we can easily write the symbols for the 
above compounds. 

The first com|)ound contains 28 parts, or two com- 
bining weights of nitrogen, to 1 6 parts, or one 
combining weight of oxygen. Hence wtj write the 
symbol of this compound N.X).^ 

For a like reason we write the formula 
Of the second compound N./X, 

„ third „ 

,, fourth „ 

„ fifth „ N/V) 

From this we see that the weight of oxygen con- 
tained in the four last of these compounds is twu'ce, 
tlire(j times, four times, and five times that contained 
in the first compound. And, moreover, w^e find that 
it is not possible for us to prepare a compound con- 
taining any intermediate quantity of oxygen. If, for 
instance, we try to combine 28 pjirts by weight of 

^ Tlic sniJill wi itteii 1 m?1ow the symbol means that the 

weijrlit is to be taken more than once. O.^ means Oxyfjeii =16 
taken Ihree tiTiies, or 3 x 16 = 48. 
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nitrogen, with 20 paHs by weight of oxygen, we get 
the whole of this nitrogen combined with only 1 6 of 
the oxygen, the other 4 parts of oxygen remaining 
uncombined. Here, then, we have arrived at the two 
most important laws of chemical combination : — 

1. The law of combination of the elements in 

lixed proportions, called the combining 
weights. 

2. ^J'lie law of combination in multiple propor- 

tions of these combining Aveights, when 
several compounds of the same two elements 
exist. 

b<). Meaning of a chemical equation. 

You Avill noAv be able to understand that all the 
chemical changes which 1 have spoken of, and Avhich 
you have seen, or ev(;r will see, can be written down 
in symbols. EA^ery one of these changes is definite, 
and in every case we can get to know not only Avhat 
has taken place, but also how much of each substance 
has been formed. Let us take one or tAvo examples. 
Jf T Avant to prepare nitric acid (Experiment 38), 1 
take nitre (potassium nitrate) and sulphuric acid, then 
nitric acid distils over, leaving potassium sulphate in 
the retort. Now what liapjRms in this change ; and 
liow much sulphuric acid and how much nitre am I to 
take, so as not to waste either? In order to find this 
out, I must write doAvn the formula for nitre, and for 
sulphuric acid. Nitre is written KNO^ ; ^ that is, it 

' Tlie iiUTnlua* Im'Iow Uhi letter ap]»litis to tlisit letter only. 
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contains three elements — ^potassium, K = 39 ; nitrogen, 
N=14; oxygen, 0^ — 3 times 16, or 48. Sulphuric 
acid is written HgSO^ ; that is, it contains hydiHjgon, 
Ho = twice 1 , or 2 ; sulphur, S = 32 ; oxygen, = 
4 times 16, or 64. When we mix these two com- 
pounds together, a change occurs ; half the hydrogen 
(H) in the sulphuric acid changes place with the 
whole of the potassium (K) in the nitre, and two new 
substances are formed, viz. HNOjj, nitric acid (which 
distils off as a yellow liquid), and KHSO^, sulphate 
of potassium, which remains in the retort as a white 
solid salt. This change we can therefore express iu 
an ecpiation, thus — 

Jiefore the change. After the change. 

Nitre and Sulphuric. Acid yield Nitric Acid and PulaKsiiiiu Sulpnati*. 

KNO3 + + KHSO^ 

This shows us, then, exactly what takes place ; 
nothing is lost ; the nitric aci<l and potassium sul- 
phate which we get, weigh, taken togethei-, as much 
as tlie nitre and the sulphuric acad which we took. 
Wi*. see this clearly if we write dowui the numbers 
w hich tluise symbols represent. 

3y-hl4-l- 48 and 2-I-32 + G4 ^ 1 + 14 + 48 and 39 + 1 + 32+G4 

101 + 98 - 03 -f- 136 

The equjition then tells us that if I take 101 parts 
by w^eight of niti*e, and 98 parts by weight of sul- 
phuric acid, T shall get exju'tly 63 j>ai'ts by weight of 
nitric achl, and that no nitre or sulphui ic acid will 
be w^asted ; and you will easily understand that these 
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numbers enable you to calculate the quantity of the 
materials you must take, to get any given weight of 
the acid. Suppose you wanted 10 pounds of nitric 
acid, how much sulphuric acid and nitre would you 
need to employ? Well, if you wanted to get 63 
pounds of nitric acid, you ivould need 98 pounds of 
suljdiuric acid, and 101 pounds of nitre; and, of 
course, in order to get 10 pounds you will need of 
98 jKuinds of sulphuric acid, and of 101 pounds 
of niti’e. So that all calculations of this kind are 
matters of simple proportion. 

Let us take one other example. We made hy- 
drogen by acting upon zinc with suJphui*ic acid and 
water (Experiment 15). The change which here 
takes place is i*epresented by the equation — 

Zn + H 2 SO 4 - H, + ZnSO, or 

Zinc niul Sulplinric Acid yield Hydrogen and Zinc Snljdiaic. 

65 and 2-f32-f 64 yield 2 and 65-4-32 + 64 or 

65 and 98 yield 2 and 161 

])nrt8 of ]»arts of parts of parts ol‘ 

ZiTio. Snlphnric Acid. Ilj’drogcn, Zinc Sul])hate. 

This means that if I take 65 pounds of zinc, and 
98 pounds of sulphuric acid, I must always get 
2 pounds of hydrogen gas, and 161 pounds of zinc 
sulphate. If I ask you how much zinc and sulj)huric 
acid you must take in order to get 40 pounds of 
hydiogen, I am sur<^ you will all be able to tell me. 

In like manner every chemical change, as soon as 
we understand it, can be rsjpresented by a formula, or 
set of symbols, which tell 3 us exactly what happen^, 
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and liow much of ejurh of tlie various materials must 
bo taken, and how mu(!h of each of the several 
[>i*oducts ai*e formed. 

It is the business of the chemist to seek out and 
determine the nature of all new cliemicjals which may 
be observed, and he does this with zeal and con- 
lideiice, })eeause lie knows that if he has once deter- 
mined, with care, the nature of the cliange, and if he 
has once ascei’tained the pi*oportions by weight in 
wliich the elements, or compounds, take part in it, 
h(‘. has settled this particular (juestion for ever, as 
the same chemical combination always takes jdace 
a<;eoi'ding to the same unchanging laws. 


HINTS FOR TITK USK OF THE AIR’ARATUS 
AND FOR THE EXPERIMENTS. 

1. Thy every ex]u*rinieiit over eiiriTully it. is 

shown in class, and obsi*rve rxactlf/ the descrijitioii given 
in the It'xt. 

2. Cleanliness ainl neatness in inanijJiilation are as 
necessary in doing exju-riinents as clearness of exjiosition 
is in teaehing. 

3. Place. rrerf/thtn(f m'ed<*d for the experiineiits of the. 
day in order n])on the table, so that then* may he no 
confusion or delay.' 

^ Faiiiday, our great master in experimental lectures, always 
devoted msiuy hours to the prej>aratioii of the e,xi)eriments for 
each lecturi!. No point, however tritiiiig, hearing upon the 
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4. When the lesson is over, carefully clean all the 
ipparatuR, and remove it and the specimens to a locked 
jox or cupboard. Many of the acids, especially sulphuric 
iiid nitric., are dangerously corrosive, phosjdiorus is dan- 
gerous from its inflammable nature, whilst tliese and others 
)f the reagents are poisonous, so that all must be com- 
pletely removed from the pupils, and had bettcir be kept 
in the teaclier’s private room. 

5. The elder and more advanced pupils, having t)ucc 
seen the teacher go through the course of experiments, 
may with great advaiibige be permitt(‘d to perform tlie 
experiments for themselves under his superintendence. 

Notes for the Kxx)erinients : — 

Experiment 1. -If the neck of the bottle be very wide, 
the top must be. covered by a piece of card, otluTwise 
suflicieiit fresh air will get in to permit the continued 
combustion of the candle. 

Experiment 3.— The tube containing the caustic, soda, 
should lie carefully removed and corked up after cacli 
experiment, to prevent the caustic soda absorbing carbonic 
jicid and moisture from the air. After llie same caustic 
soda has been used for the experiment several times, the 
tube ninst be cleaned out, and a fresh su]:)i)ly of lumps 
of caustic, soda obtained. 

Experiment 5. —This may also he dime in a test-tube ; 
take care to have the c(»pper turnings well heated before 
the sulphur boils, otherwise the glow is not well seen. 

Experiment (5.- Take great care how you cut plios- 
phorus ; <lo so always under wat(*r. 'J'hen carefully and 
lightly dry the hit of ]>hos]>horus with hh)tting-])ap(*r, and 

succuiss of the: experinicut was considereil unimportant ; he used 
to try the stoppcirs of all the Tattles he liad to use to see that 
they had not hecoiiio fixed, and thi’.s would cause delay by 
requiring forcible opening. 
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put it, witli a dry knife or Biiiall pliers, onto the small 
floating dish. 

Experiment 10. — This cannot be easily shown in winter, 
its the light is not intense enough. 

Experiment 12. — How to charge the Grovers battery. 
Measure one pint of water into a basin, and gradually 
]»our into this three fluid ounces of strong sulphuric acid 
or oil of vitriol, and let the littuid, after well mixing, be 
allowed to stand till it is cool. See that all the clamps 
and metal connections are bright, using sand-paper to 
clean them. Set up the battery with the porous cells and 
]>hitinums inside the pot cells, and clamp all tight. Pour 
the- dilute suli>huric acid into the pot cells so as nearly to 
111 I each ; then by means (»f a funnel carefully nearly fill 
each of the porous cells with strong nitric acid. The 
battery is now ready for action. When done with, the 
sulphuric- acid may be returned to a bottle kt^])t for the 
])urpose, and the nitric acid poured into another bottle, 
unh^ss the battery has been long in use, w hen both acids 
may be throwm away. The porous cells and ziiiiis must 
be allow'ed to soak in w^ater over-night and then jilaced 
back in Ibeir 2>liices. Should any of the zincs begin to 
effervesce in the acid wdien the wdres of the l)attery are 
not in contact, they must In* aniidgamated alwsh. This 
is (lone hy washing the surface of the zinc with some hy- 
drochloric acid, and then iionring some mercury, togtdluT 
with the acid, over the mehil. After rejieating this several 
times, the metal w ill possess a unif(»rm bright colour, and 
will not dissolve in dilute sulphuric acid unless the wdres 
be joined. 

Experiment KJ. — The union of sodium and mercury 
is always accompanied by a slight explosion, but (^uite free 
from danger. Ahvays take five times by bulk fis much 
mercury as sodium. 
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Experiment 17. — It is best to mix the sulphuric acid 
iind water (one to six by volume) beforehand ; pour the 
;icid into the water in a thin stream, and stir the mixture 
round. 

Experiment 20— A piece of hard, wide j^lass tube 
without a bulb, fitted witli a cork to tlie tube e, and 
drawn out at the other end, as shown in the figure, may 
serve instead of the bulb-tube A. Unless nearly half an 
r)Uiice of copper oxide is taken the weight of water formed 
will be too small. After the experiment is finished, the 
reduced metallic copper must again be oxidized by heating 
it in an open porcelain dish over a Bunsen burner. The 
oxide thus formed will have gained its original weight, and 
can be used again for a repetition of the same experiment. 

Experiment 31. — In (irder that this increase of weight 
by oxidation should be rendered evident, the magnet must 
be a gO(jd one, the filings very fine, and the balance 
delicate. Another mode of showing the increase of weight 
])y absorption of oxygen is that mentioned above when 
the reduced co])per is lieated in a current of air. 

Experiment 36. — It requires a little practice to get tlie 
gas to l)urn permanently at the end of the tube. 

Experiment 40. — In a close room the evolution of 
chlorine gas should be avoided. 

Experiment 52.— When using the blowpipe the breath 
must be sent out from the cheeks and not from the lungs ; 
it is thus possible to inflate the cheeks when retjuired 
bv breathing through the nose. 
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LIST OF APPARATUS REQUIRED FOR 
EACH EXPERIMENT, 

WITH APPROXIMATE PRICES OF THE ARTICLES 

As quoted hy Messrs. Philip Harris de Co., Ltd., Birmingham, 
Messrs. J. Woolley, Sons, ds Co., Manchester, and Messrs, 
John J. Oriffin ds Sons, 22 Garrick Street, London. 


No. of Price. 

Expt. £ f. d. 

1. — Taper with wire holder 0 0 2 

3. — Glass tube contamiug a taper, with wire to 

attach to the scales 0 1 6 

Pair of hand-scales^ with glass pans, and weights 
from 2 oz. downwards, in oak box 0 4 6 

5. — A 2 oz. glass flask Zd., iron tripod stand, 10^. .011 

Bunsen’s burner, with one yard of caoutchouc 

tubing 0 2 2 

(This will be replaced by a spirit-lamp and 
one pint of methylated spirit when desired.) 

6. — A bell jar. Is., capsule to contain the phos- 

phorous, Zd 0 1 f) 

12. — Apparatus for decomposing water by electricity, 
with two collecting tubes and wire to suspend 

them 0 2 0 

A 4-cell Grove’s battery, in wooden tray, with 

wires 1 16 0 

14. — Glass mortar and pestle, 10«f., gas eprouvette, 0 14 

15. — Flask, Ac. for generating hydrogen 0 1 6 

Stoneware pneumatic trough, with becliive shelf 0 2 8 

Four wide-mouthed gas-collecting bottles, pint 

size 0 1 4 

Three stoneware gas trays 0 0 9 

20. — A pint flask, wash-bottle, two calcium 

chloride 1 ubes, and hard glass tube to contain 
the copper oxide 0 4 0 



CHEMISTRY. 


121 


<»f I’ricp. 

Kxpt. X .s- f/. 

. — Two 8-oz. sto j>j)er«d glass retorts 0 1 6 

A retort stand, witli three rings, ami elanip for 

test-tubes, &e. U 5 t> 

28. — A 16 - 0 /.. poreelain evaporating dish, l.s. 6r/., 

4 oz. ditto, Sd 0 2 2 

25. — Two 3-in. glass funnels, OiZ., 100 filter-papers, 0 13 

31. — A horseshoe magnet 0 0 4 

32. — A palette-knife, 0 0 t> 

37. — A pi(;e.e of iron wire gauze, six inelies square ,.003 

42. — Iron tray or sand bath 0 0 1 

44. — One dozen 5-m. test-tubes, 1«., test-tube 

holder, Gd 0 1 6 

Test-tube stand for twelve tubes 0 1 3 

One, blowpipe, l.v., two files (round and trian- 
gular), l.v. 4rf 0 2 4 

Half a pound of glass tubing, 6^2., two dozen 

spare corks, 6d 0 1 0 

Amounting to jtS 18 5 


CHEMICALS, &e. 


Sulphuric aeid ... 4 lbs. 
Nitric acid . , . . 3 ,, 
Hydrochloric sicid . 2 ,, 
Lime-water .... 1 i»int. 
Ammonia (solut ion) 4 oz. 
Caustic potash ,, 4 ,, 

Sodium car- 
bonate, ,, 4,, 

Potassium chro- 
mate ,, 4 M 

Potassium fer- 
focyanide ,, 4 ,, 


Sil ver n itrate (solution )4 < »z. 
l.itmus ,, 4 ,, 

Indigo „ 4 „ 

Calcium chloride . 8 ,, 

Marble 8 ,, 

Iron filings .... 8 ,, 

Lime 4 ,, 

Gypsum 4 ,, 

Stourbridge (day . . 4 ,, 
Bleaching powder . 4 ,, 
Manganese dioxide . 1 lb. 
Soda cryst«als ... 4 oz. 
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Aliiiii 4 oz. 

Sulphur roll . . . 4 ,, 

„ flour ... 4 „ 

Potussium nitrate . 4 ,, 

Zinc 2 „ 


Copper tuniings . . 2 
,, oxide ... 2 
,, sulphate . . 2 
Aiitinioiiy .... 2 

Mercury 2 

Lead acetate ... 2 

Castor oil 2 

Caustic soda (solid) . 2 


Sodium carbonate, 
aiiliydrous . . . 
l^hosphorus, yellow . 
„ red . . 

Tin oxide 

Mercury oxide . . . 
Potassium .... 

Sodium 

Gold leaf 

Magnesium ribbon . 
Litmus paper . . . 
Charcoal 


1 oz. 

1 „ 
h „ 

4 „ 

4 »» 

1 dram 
1 » 

6 leaves 
4 yard 
1 book 
1 piece 


Packed in Bottles. 


Amounting to 


£l 2 0 


LIST OF SPECIMENS. 


Aluminium. 

Tin. 

Lwid. 

Silver. 

IW iroji. 

Cast iron. 

Stetd. 

Galvaniz(;d iron. 
Iron ore. 

Iron oxide. 

Iron sulphate. 
Bronze. 


Tin stone. 
Galena. 

Zinc Ideiide. 
White sand. 

Red ,, 

Flint. 

Quartz. 

Graphite. 

Rock salt. 
Sodium sulphate. 
Sodium nitrate. 
Bone ash. 
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Limestone. I'otassiuni (;lil orate. 

Magnesium sulphate. White lead, Iletl lead. 

I*otassium (*,arhonate. Litharge. 

.inoiiiiting to .I'O 7 d 

Messrs. Philip Harris k Co., Limited, Birmingham, 
'essrs. J. Woolley, Sons, k Co., Manchester, and Messrs. 
OHN J. Griffin k Sons, 22 Garrick Street, London, will 
upply the above enumerated apparatus, chemicals, prepara- 
ions, and specimens, packed in a box with lock and key, for 
;he sum of £5 10s. 



questions;. 


§ I. Fire. 

I. What hapjMMis whcMi a taper is burnt in .'ich^an glass [>otth^ 
with a narrow iiectk 'i 

ii. I low can you sliow that the air in the bottle after the taper 
lias burnt in it is not the saiin; as it was before the taper was 
Iniriit ? 

li. What is tlie niilkiness of the lime-water caiiseil by ? 

4, How can e.olourless carbonic acid gas Im; distinguished from 
colourless air ? 

r». Where does the carbonic acid gas wdiich is foi-imal wdien 
the ta]ier liurns come from ? 

<J. How can you show that carbon, or soot, or charcoal, (tan 
be got from the wax of the candle ? 

7. Descrilie. an (experiment to show that water can lx; obtained 
by burning a candle. 

8. Write out four things you hav(; learnt about a (tandle 
Imrning. 

i). AVhy do you comdmh'. that the wax of the c.aiidle has not 
been lost or destroyed, but has only cthanged its fojin ? 

ID. Uould anybody have fortdohl that tlie wax would change 
into two totally ditlereiit sub.stan(;(!s when tlie. e.andh; burns ? 

II. How do jieoph; h;arn about these things '{ 

12. AVhy is chemistry chilled an experimental science ? 


§ IT. Fire. 

1 . What becomes of all the coal whi(;h yon may heap on the 
fire all day long ? 

2. Describe an expe.riineiit to prove that the carbonic acdd gas 
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iTid tli(i water eomiiig ofl* frotn a Inirniii" candle weigh mon^ than 
;he candle before it is burnt. 

3. 11 ow can this be exjjlaiiied ? 

4. (live- some examples of chemical union. 

r>. VVh.'it is oxyg(5n gas, and where is it found ? 

(). AVhat general trutli respecting the loss or (Tt'ation of snl>- 
dances has been fouiid out by further cxperinnMit '( 

7. Explain how you would show tliat when (‘beniic'al union 
l,ak(^s ]>lace heat is given oif. 

8. AVhy docs quicklime become hot when water is poured 
ii]»on it ? 

0. Wliat happens wlien bright copper turnings and yellow 
uiljdiiir are hciated together in a flask ? 

10. AVhat. is the black sub.stanee found in tl»e flask after the 
i*xperiment ? 

11. AVliat is going on when a hayrick is burning ? 

§ ITT. Air. 

1. What is wind ? 

2. How can you show by experiment that there are two kinds 
of invisible gases contained in tiu* air ? 

3. What nauKiS have l>ecn given to these? 

4. In what properties do tbe.se gases tliffer fi’om one anotlier '( 

§ IV. Air. 

1. Which of the component gases t)f the atmosphere is used 
oy animals when they breathe ? 

2, Do men (»r animals luoduee any elnunical (diang»*s in the 
ii ir which they breathe ? 

Ji. Explain a simple <rxj>erini(mt to show that this is the ea.se. 

4. What bapjK'ns to the oxygen of the air wlum it is taken uj) 
by the Idood in the lungs ? 

f). Dow can you show that a jncee of aniirial flesh e.onlaiiis 
.-•arboji ? 

6. AVhy is th(‘ animal body warmer than suiTounding inani- 
mate obJ(H’ts '{ 

§ V. Air. 

1. Dow can yon ju’ove that carbon is contained in vegetable 
matter ? 

2. Wber(^ do growing ]daiits obtain the t^arbon wbieli tliey 
need for their .‘U-owth ? 



126 


SCIKNCE PRIMEUS. 


[QITKSTIONS. 


3. What happens wlieii some el ear lime-water is poured into 
a shallow glass, and allowed to stand for a few minutes exposed 
to tlie air ? 

4. What purpose does the carboni(^ acid gas serve which is 
contained in the air ? 

5 . Describe an experiment to show that plants have the power 
in juesence of sunlight of decomposing the carbonic acid of the 
air, setting free the oxyg<!U as a gsis. 

6. Wliat is the difference as regards breathing between plants 
and animals ? 

§ VI. Water. 

1. Nami! the three diirerent state.s or conditions in which 
water is known to us. 

2. If W(; send heat into ice it melts into water, and if the 
heat continues longer it causes the water to boil. What happens 
when we .S(‘nd a stream of electricity through tin; water ? 

3. Draw a sketch of the apparatus used for decomposing 
w^‘lter. 

4. Jfow can you tell which of the two gases is oxygen and 
whicli hydrogen ? 

r>. < ’an liy(lrog(*n Ix^ got from water hy other means ? 

6. What happens wlien the metal potassium is thrown onto 
W'ater ? 

7. How can the hydrogen thus evolved be collected, and how 
W'ould you ascertain that the gas is hydrogen, ami not oxygen ? 

§ VII. Water. 

1. IIow can hydrogen be obtained by the action of zinc, 
sulphuric achl, and water ? 

2. Wliat would you do with two jars filled with hydrogen, in 
ordei- to sJiow that this gas burns, and is lighter than air ? 

3. AVliat is formed when hydiogen burns, and how can you 
exiierinien tally jirove your assertion ? 

4. How would you jirovc tliat no carlionic acid gas is formed 
when hydrogen huriis in tin; ah ? 

5. Draw a sketch of the apparatus used in making hydrogen, 
and colleiding the gas in bottles. 

6. Does water contain anything liesidc.'s oxygen and hydrogen ? 

§ VIII. Water. 

1. Draw a sketch of a pair of scales or a balance. 

2. What hapiions when hydrogen gas is piLssed over heated 
oxiile of t'.opper ? 
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3. Describe tlie of uii apjiaratus used for deter- 

mining the eoiiiposition of water by weif^ht. 

4 . How can you show by exi>eriinent that water <!on tail is 16 
parts by weight of oxygen to 2 jiarts by weiglit of hydrogen ? 

5. If yon liave once accnirately ascertained the, chemical coiii- 
]iosition of water, is it nei^essary to do so again at any other 
time ? If not, why not ? 


§ rx. Water. 

1. What is the dilference between fresh spring water and sea 
water ? 

2. How can you get the salt out of sea water ? 

3. What plan would you adopt for glutting fresh or drinkable 
water from sea water ? 

4. Describe a more delicate test for salt in water than your 
sense of taste. 

6. What is meant by solution ” and “ crystallization ? 

6. What happens when alum and sulphate of copper crystals 
are dissolved in water and the solution evaporated ? 

7. How would you tell w’hich crystals are alum and which 
sulphate of copper ? 

8 X. Water. 

1. How does the rain get up into the clouds ? 

2. Why does the moisture, when onc(‘, it is up in the sky stay 
tlierc ? 

3. Wlnit reasons have we for saying that rain is distilled 
water 

4. Where does ev<‘ry drop of miming w^ater on the globe come 
from originally ? 

5. How can you separate sand or dirt from watiT ? 

6. What is the ditfeTeiice. between suspended and dissolved 
matter ? 

7. If sugar or salt is shaken uj) with water, what haj>pens ? 
Can the, salt or the sugar be again separated by iiltration '( 

8. How (;an you tell whether a water is “soft” or “ hard” ? 
Is rain-water ever hard ? 

9. How can soft watei* be made, hard by g^'psuin ? 

§ XT. Water. 

1. If you blow the air from your lungs for a long time through 
clear lime-watiir, what happens ? 

2. Why does the, milky lime-water in the above expeiimeut 
again become clear ? 
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How cun yon sliow that this clear water contains chalk in 
solution ‘i 

4. Jly what means can ehalk-wsiter ln‘ soft<*ncil on a ]ar|;c 
s< ale i 

5. Thsiincs w'jiter and Trent water sin; both liard. In what 
respects do they diller, and howr do you explain this dillenniee ? 

d. Why is a solid crust or scale often found in ktd tles and 
boilers { 

7. Wliy is w'»dl-water obtained in tow'iis usually unfit for 
drinking purposcis ? 

8. How are large, towns supplied with good drinking-water ? 

P. Hf)\v do fishes obtain the oxygen wdiich they nee.d '{ 

]n. Wliy doc‘s a. fish soon die if jdacetl in cidd water which 
has been well boiled and not exposed air ? 


§ XII. Earth. 

1. How' do we know’ that the. inside «)f tin; earth is hot enough 
to melt rocks 'f 

2. What is the cause of the “ bubbling ” when liydrochloric 
aeiil is poureil onto chalk ? 

3. How- can you slmw that tin* bottle in I'xperiinent 211 
becomes Idled with carbonic acid gas ? 

4. How' can chalk he converted into c|uicklime '! 

i). Explain why elialk is e.alled a ehemical compound. 


§ Mil. Earth. 

1. Dcsirribe an experiment, and sketcli the apjiaratusiunployed 
for the ])re])a.ration of oxygmi from retl mercury oxide. 

2. AVhy is this red powder cal l<*d oxiilc of mercury, or mercury 
oxhh* '( 

3. If you had 21(5 ounces of mercury oxide, liow many ounces 
of mercury and of oxygen could y<ui oldain, ])rovided, of eoni’se, 
nothing was lost in the operation '( 

4. AVhat is meant l»y oxiilation ? Give some familiar exaiiijdes 
of oxidation. 

r». State how you would ]>rove ex]>erimenlally that iron 
becomes heavier by rusting. 

t>. Name several exp<*nmeiits to show’ that metals are contained 
in many eai’tliy substances. 

7. How' can }’ou get metallic lead from white “sugar of 
lead / 
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§ XTV. Earth. 

T. Where is eonl fouiul, .'iiid how is it ' 

2. How <Io you know tliiii have been buried wliere the 

coal is found ? 

3. Wliy do 3’ou eoiichidc tliat coal contains carbon ami 
hydrojxon ? 

4. How can ymi make coal-"as in a tol»ai?co-]»ii)e ? 

ft. How is coal-f^as made on lln; hirj^c scale, how collected, and 
how dislri I lilted 1hroii<;hout the town ? 

d. What is left Ixdiind in the tobacco-pipe or “retort” after 
the coal-oas has come off? 

7. Why do some kinds of coal yield more ^as I’iian other 
Iviinls ? 

8. AVhat else besides gas is given olf in the distillation 
coal ? 

9. AViit(! a short essay on the uses of coal. 


§ XV. Earth. 

1. Why does ihe flame of hydrogen cTuit no light, whilst tlna 
of coal-gas is luminous ? 

2. J.ook at a candle.-tlame, and make a drawing of the several 
parts. 

3. In what rcs]K*ct.s is the hnrning camlle like a gas-woi-ks ? 

4. How can yon .show that the. dark cone inside a candlc-llamc 
is filled widi iiiihnrnt gas ? 

5. What causes the dreadful explosions in coal-]»its ? 

0. h\])lain the jirineijdes upon which Davy’s safety-lamp is 
based. 

7. Draw a \>ictur(i of a Davy lam]>. 


§ XVI. Elements and Compounds. 

1. Define and explain the terms, “SiTn]»le llodit^s’' or “ Kle- 
luent s,” and “ (^impound llodies.” (live examples of each class 
of .substances. 

2. Hf)W many elementary bodi(\s do we know of’ 

3. AVrile «lown Hu* lumies of tin-, more iinporlanl eleineuts, 
dividing Ibein into metals and i loii - metal. s. 

4. ]>o tbo.se. elements which most closely rc-semblf^ one, anolher 
or those which show the greatest dilfeiviicc most readily coinhine 
to- •ether f 
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§ XVII. Non-Metallic Elements. 


I. IMfiilioii ilie (.liii'f ]u*M]MTti<\s <»f oxygen 

•J. How eiiii it lu; rejuliiy obtiiiiUMl '( 

3. How would you show tlisii iLe substiiiices IbriMCMl when 
sul]»hiir iiiid ]>bos])lioi’iis Imrn in oxygen Jire acids ? 

i. Does Jjydrogfii exist in tin; f^ec state in tin- air? 

T). How can yon show tluit liydrogen is lightei’ tlian air ? 

(J. I’lijce. jiirs containing colourless gases are given to you ; 
hf)W will you tell which jar contains oxyg(;n, which air,' ami 
which hydrogen '? 

7. How can you oldiiiu nitr(»gen from llie air ? 

vS. Niiim; some compounds cojitaining nitrogmj. 

Jh How is nitric acid pr<*]>arcd ? AVliat arc its properties ? 

in. Explain tin; words acid, alkali, and salt. 

II. If tin; alkali ])otash is mix(;d with nitric acid, wdiat is 
formed ? 

l‘J. How can you ])rovc th;it diaiinmd is carl»ou ? 

13. T»y what exjuaiment can you show that wliitc sugar con- 
tains hhn'k cailion ? 

11. What would he oin; result if the (dement (laabon had not 
existed on the eiiilli ? 


S XV 111. Non-Metallic Elements. 

I. What (deinenis are coiitaim'd in ro(k-sa,lt ? 

II. How eaii you get chlorine from comiiiou salt ? 

3. Mciilioii tin? (diiff ]iroperti«-s of theclemeut (dilorine. 

'1, Ibuv would you show that white hleachiiig-powchjr contains 
clilorim; ? 

r*. AVliat do yc.u notice when a ]*ine]i of yidlow' sul]»hiir is 
heated in a sjiooii (r.cr a llanie '? 

f). Wliy is siiliiljiir us«-d for making gunpowder ? 

7. Naiin; si;vcral common substain-.es which contain sulphur. 

AVhat is the elicmical cojupositioii of burnt hone ? 

Ih How do you know that phosphorus can exist in lw<» forms? 
How do these dillrl’ ? 

3 0. Why is ])hos])horus useil in the maimfadure, of lucifer 
matcln;s ■ 

11. AVdiy do the ‘safety matclies* only liglit on tlie box ? 

12. AVliat is roek erystal made of? 

13. How is glass made, and wliat does it contain ? 
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XIX. Metals. 

1. N:nn«‘ soiuo (»f Hh' most important iisrs (A‘ iron. 

2. AVli.'it ;ir«‘ llio s|H‘rial nsos iif wrou<;cli1-iroM Mini of cast 
ii tm 

How is nist-iron mailr, and liow docs it dilfcr f licmically 
from wrou.i^lit-iidii ? 

4. Wliat is sti'.id, liow is it made, and wliat arc its cliicf 
jtropcrtic.s ? 

r*. Wliat l)aj)|nms if dilute snl|dnirjc acitl is ]>fnn'<‘d iijton irnii 
liliiii^s 

a. How can you sliow tliat i^rcen vitriol, f»r siilpliare of iron, 
is formed in tin's jiroccss ? 

7. AVIiat is the name of tln^ nicta.1 «‘ontaincd in day ? Name 
another suhstanco (‘ontaining tlic same metal. 

What IS the; eheinie.al eoniposition of (1) «tuicklime, 
(2) marble, i^ypsum, (1) hoin; earth '( 

I). How is ealeiuin chloride maile ? 

10. Writ.e down what happens wlnni a. solution (»f caleiuni 
ehloi idi^ is niix<Ml with one of sodium carbonate. 

11. What is formed wlieii inaonesiuni ribbon is burnt in the 
!iir '( 

12. How can you ^o‘t K]».som .salts from the white ]>()\vder "ot 
by biirniiii' nia»,ni(!siuni 

i XX. Metals. 

1. "Why must sodium bo kept under rock-oil '{ 

2. What happens when sotlium is luxated in a, s]»oonin1he 
air ( 

2. Writedown a list ofsomeof the .sodium eomj>ounds, i^iviii" 
their common names, eheinieal names, and what they contain. 

4. Where does roek-salt oeeur ? 

rt. What ha]>pens when we. pour suljdiuric acitl on to common 
.salt '■ 

(>. AVhnt is the name of the metal contained in tin; alkali 
]a»tasli 

7. How is .s(/a,p made ? AVhat is the dilfenmce betwiaui sj>ft 
and liaru soaps '! 

§ XXJ. Metals. 

1. AVhal do tln^ eommon “ores” of i^opper contain ? Name 
.smm^ of the us»-s of c()}*per. 

2. How ( an cop[»er nitrate he o^^ain(^d ? what is its eoleiir ? 

o. What liajipcns when eo]»per is heated in the. air ? 

What is the name of tlie common ore of zinc ? 



132 SCTENCE PRIMERS. [questions. 

rt. Wliat is ziiio iisotl for? What, is its r.olmir, anil that of its 
sal I s ? 

(). I Tow can crystals of zinc snljiliatc be obtained ? 

7. What is till used for ? 

8. What is a blowpipe ? ITow could yon £;ct a i^lobnle of tin 
from some of tin* powdered earthy tiii-4»re 

9. Where is lead-ore found, and what is its name and com- 
position ? 

]0. What is lead ii.sed for? 

11. Name .sonii*. of the useful <*omponnds of lead ? 

12. WliJitis tin; chemical name of white-h^:id, red-lead, and 
black-lead ? 

];l. Ilowtloes mercury dilfer from all the other metals ? Whj" 
is it c.allcd quicksilver? 

11. How can you provt* that a sixpence contains bolli silver 
and copper ? 

15. What ;;?reat advantai^c lias gold over silver in its use as 
ail ornament ? 


§ XXII. Results. 

1. rfow many onnees of water, at least, must I take to get 
2 ounces of hydrogen ? 

2. Jf 1 hcat2lt)ouiie(isof oxide of mercury, what is the largest 
possible quantity of (1) mercurv, and of (2) oxygen, whi<di J 
can get ? 

3. What is the combining weiglit of oxygen, and wliat that 
of mercury ? 

4. Write ilowii the, idiemical fonnuhe for (1^ mercury oxide, 
(2) lime, (3) water, (i) sulphuric acid, i5) nitiic acid. 

5. N lueaiiiiig 11, and O iiieauiug l»t, write down the fonnulitv 
of the live, oxides of nilrogcii with which we arc acquainted, 
giving their compositiou hy weight. 

6. Write down thcchemical equation representing the cliangcs 
which take ]»l:ice when .sulphuric acid acts on iiilic. 

7. If I want (Wl lbs. of nitric jtcid, what is the Ica.st (jUfintity 
of suljihuric acid :iml nitre wliicli I must eiiqdoy ? 

8. Show by an eijUiitioii that if I take G5 lbs. id' zinc ami 98 
lbs. of sulphuric !u-id I must always get 2 lbs. of liydrogen to 
101 lbs. of zinc, suipliatc if 1 lose muH-. 

9. Calculate Hu* ]>crccnt:ige eoiiJ]»i»siliou of H..O, IINO3, 
lh.S04, K.NO.„ KIISO,. 


i ni: i:m». 
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